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1  .  EXECUTIVE  SUMMARY 


1  . 1  OVERVIEW 


The  Joint  Precision  Optics  Technical  Group  (JPOTG)  was  chartered 

under  the  Joint  Group  on  Industrial  Base  (JGIB)  of  the  Joint 

> 

Logistics  Commanders  to  perform  the  following  tasks: 

a.  Identify  the  Military  Services'  projected  peacetime,  surge 
and  mobilization  requirements  for  Precision  Optics. 

b.  Identify  projected  requirements  for  Strategic  Defense 
Initiative  (SDI)  Optics, 

c.  Assess  the  capability  of  the  U.S.  Precision  Optics  Base  to 
provide  for  these  requirements, 

d.  Assess  the  degree  of  erosion  in  capability  that  has 

1 

occurred  because  cf  foreign  competition,  - , 

e.  Prepare  recommendations  to  eliminate  any  production 
shortfalls  which  may  be  identified. 

>  - 

As  part  of  the  JPOTG  study  effort,  the  Department  of  Commerce, 
Office  of  Industrial  Resource  Administration,  surveyed  U.S. 

Precision  Optics  and  Optical  Material  producers  under  mandatory 
authority  of  the  Defense  Production  Act  of  1950,  as  amended.  Plant 
visits  were  also  conducted  by  the  study  team  to  enhance  the  survey 
ques  t ionna ire  data. 

1  .2  MAJOR  FINDINGS 

1.2.1  Requirements  for  Optics 

In  peacetime,  the  Services  require  approximately  100,000 


optical  components  per  month  of  the  types  used  for  direct 
application  in  military  systems.  Mobilization  requirements  were 
found  to  be  much  greater. 

1.2.2  Domestic  Production  Capacity 

Domestic  production  capacity  (defense  and  non-defense)  totalled 
about  316  thousand  components  per  month  in  1985,  down  considerably 
from  previous  years.  Defense  production  capacity  was  estimated  to 
be  87  thousand  components  per  month,  or  approximately  28  percent  of 
the  overall  total.  The  industry  operated  at  60  percent  of  capacity 
in  1985  and  according  to  survey  responses  would  require  43  weeks  to 
reach  full  capacity  production  levels.  This  extended  “ramp-up'' 
period  is  caused  by  shortages  of  skilled  opticians  and  long  lead 
times  for  raw  materials.  Capacity  utilization  fell  below  60  percent 
in  1986  as  production  is  estimated  to  have  dropped  by  over  20 
percent  from  1985  levels. 

The  potential  of  converting  commercial  production  capacity  to 
military  production  appears  inadequate  to  support  the  rapid  increase 
in  optical  elements  needed  to  meet  emergency  defense  requirements. 

To  effectively  convert  capacity  to  military  production,  the  skill 
level  of  many  opticians  would  need  to  be  enhanced  and  additional 
specialized  equipment  would  have  to  be  installed.  One  firm 
indicated  conversion  could  take  a  year  or  more  to  accomplish.  Thus, 
a  significant  shortfall  exists  in  the  capacity  of  the  domestic 
industrv  to  meet  the  needs  of  the  services  for  mobilization. 
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1.2.3  Status  of  Domestic  Raw  Glass  Sector 

Foreign  competition  has  reduced  the  number  of  domestic  optical 
glass  producers  to  a  single  firm.  Seventy  percent  of  the  glass  used 
by  U.S.  component  producers  is  now  imported  and  this  percentage  is 
expected  to  increase  in  the  near  future.  In  addition,  the  breadth 
of  the  domestic  raw  optical  glass  market  has  declined  sharply  as  the 
production  of  lenses,  prisms  and  other  end-items  that  use  optical 
glass  has  migrated  offshore.  The  loss  of  this  firm's  highly 
soecia'i^ed  glass  blending  and  melting  capabilities  could  not  be 
easily  replaced  and  would  make  U.S.  optical  component  firms  totally 
dependent  on  foreign  sources. 

1.2.4  Status  of  Domestic  Optical  Element  Sector 

The  U.S.  optical  element  sector  as  a  whole  is  in  serious 
decline.  Nearly  aU  domestic  commercial  optical  element  production 
has  been  displaced  by  offshore  producers.  The  trend  in  defense 
procurement  is  to  increasingly  buy  foreign  made  optics,  primarily 
because  of  their  lower  cost.  imported  optical  components  currently 
account  for  over  98  percent  of  total  U.S.  consumption.  In  1986. 
imports  accounted  for  approximately  50  percent  of  DOD  consumption. 
Overall  employment  declined  Tum  3,096  in  1981  to  only  1,655  in 
1986.  Further  declines  are  expected.  The  employment  of  opticians 
who  are  critical  to  the  production  process  has  declined  by  over  40 
percent  since  1981 


3 


1.2.5  Foreign  Dependency 

Most  optical  companies  are  reliant  to  some  degree  on  imports  of 
materials,  parts,  and/or  production  equipment.  This  reliance  has 
grown  in  recent  years  in  reaction  to  severe  international  pricing 
pressures  that  have  forced  domestic  firms  to  seek  lower  cost  foreign 
alternatives.  Every  phase  of  the  business  from  raw  glass  to 
finished  optical  systems  has  been  impacted.  Almost  70  percent  of 
optical  glass  consumption  was  imported  in  1985,  primarily  because  of 
lower  prices.  Some  optical  element  firms  have  established 
production  plants  in  lower  cost  foreign  countries.  Nearly  all  firms 
are  purchasing  foreign  made  production  equipment  because  of  its 
reportedly  better  quality,  lower  prices  and/or  lack  of  an  adequate 
domestic  source.  Moreover,  foreign  oourcing  and  dependencies  can  be 
expected  to  increase  in  the  future. 

1  -3  MAJOR  C  ,'NC L US  IONS 

1.3.1  Surge  and  Mobilization  Posture 

Surge  requirements  were  not  calculated  by  the  individual 
Services.  Surge  production  "targets”,  however,  were  defined  for 
each  production  plant  as  a  doubling  of  its  1985  defense  production 
in  a  six  month  period,  while  maintaining  non-defense  production  at 
peacetime  levels.  The  surveyed  firms  reported  they  could  increase 
defense  production  by  47  percent  by  the  end  of  a  six-month  period 
under  these  conditions.  Major  constraints  to  a  surge  mentioned  by 
the  firms  included  the  availability  of  raw  materials,  specialized 
equipment  and  trained  opticians. 
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The  shortfall  in  production  capacity  to  meet  mobilization 
requirements  presents  a  threat  to  national  security  in  time  of 
emergency.  A  major  factor  of  this  shortfall  is  the  declining  number 
of  trained  opticians.  Because  of  the  continuing  downward  trend  in 
production  capacity  and  the  declining  employment  of  opticians,  the 
mobilization  capability  of  the  precision  optics  industry  will  most 
likely  worsen  in  the  near  future.  Another  major  concern  is  the 
continued  availability  of  optical  glass.  If  the  sole  remaining  U.S. 
producer  is  forced  out  of  business  because  of  increasing  foreign 
competition  and  declining  domestic  demand,  the  severity  of  the 
problem  could  increase  dramatically. 

The  industry's  collective  judgement  may  be  overly  pessimistic. 
Consideration  should  be  given  to  the  idea  that  when  faced  with  an 
actual  emergency,  specifications  and  testing  procedures  could  be 
relaxed  and  other  ways  could  be  found  to  overcome  problems  in 
converting  capacity,  training  people  and  acquiring  equipment.  If 
one  were  to  make  the  most  optimistic  estimate  about  mobilization 
capacity,  the  domestic  industry  would  still  lack  the  capacity 
requ i red . 

1.3.2  Domestic  Industrial  Outlook 

Based  on  current  trends,  domestic  optics  firms  can  be  expected 
to  lose  the  last  remaining  vestiges  of  the  already  i mpor t -dom i na ted 
low  <•  value  end  of  commercial  optical  component  markets.  American 
firms  still  competing  in  these  markets  will  be  forced  either  to  exit 
the  business  altogether  or  to  reorient  themselves  into  the  more 
sophisticated  end  of  the  market  as  many  have  already  done. 

Competition  in  the  higher  priced  optics  categories,  which  include 


most  defense  applications,  will  continue  to  intensify  in  response  to 
this  reorientation  and  serve  to  moderate  future  price  increases. 

The  Japanese  are  now  experiencing  a  similar  phenomenon  as  f i rms 
in  Taiwan,  South  Korea  and  Singapore  have  quickly  expanded  their 
shares  of  the  low  end  global  optics  market.  In  reaction  to  this 
situation,  Japanese  firms  can  be  expected  to  challenge  U.S.  firms  in 
the  more  sophisticated  end  of  the  market  in  the  near  future. 

1.4  RECOMMENDATIONS 

1.4.1  Establish  a  Federal  Acquisition  Regulation  (FAR)  for 
Precision  Optical  Elements  and  Optical  Glass 

In  compliance  with  the  Competition  in  Contracting  Act,  amended 
10  USC  2304  (C)  (3)  and  Executive  Order  11490.  the  Secretary  of 
Defense  can  determine  that  in  order  to  maintain  a  mobilization  basa. 
certain  items  can  be  restricted  to  domestic  procurement.  This 
requires  a  FAR  clause  in  the  FAR  supplement.  Based  on  the  findings 
of  the  Joint  Precision  Optics  Technical  Group,  such  a  clause  for 
Precision  Optics  and  Optical  Glass  is  warranted. 

It  is  recognized  that  there  are  several  disadvantages  to  such  a 
restriction.  The  major  disadvantage  is  that  the  cost  of  procuring 
optical  components  will  increase.  The  percentage  rise  for  any 
particular  system  however,  may  or  may  not  be  significant  depending 
on  the  amount  and  complexity  of  the  optics  in  the  system.  Another 
concern  is  that  industry  could  use  a  restrictive  clause  to  increase 
profits  without  making  the  necessary  investments  to  modernize  and 
enhance  its  capabilities.  To  reduce  this  possibility,  the 
recommended  clause  is  set  up  as  a  temporary  one.  providing  the 
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industry  with  a  time-limited  opportunity  to  improve  its  competitive 
position.  Thus,  seven  years  was  chosen  as  a  reasonable  period  for 
the  clause,  after  which  open  competition  would  again  take  affect. 

Fur  t  he  r mor  e .  so  as  not  to  initially  overwhelm  the  domes  t i c 
industry  with  new  orders,  the  clause  should  be  phased  in.  The  first 
two  years  are  set  aside  as  a  necessary  adjustment  period  with  only 
fifty  percent  of  optical  components  reserved  exclusively  for 
domestic  procurement.  This  will  give  the  industry  time  to  acquire 
new  equipment  and  raw  material  needed  for  increased  defense 
production.  Moreover,  a  two  year  phase-in  would  allow  sufficient 
time  for  training  additional  needed  opticians. 

The  clause  should  be  as  inclusive  of  the  complete  optical 
manufacturing  process  as  possible.  This  will  provide  the  basis  for 
independent  domestic  capability  to  make  optical  components  from  the 
raw  glass  stage  to  the  final  product.  Since  foreign  competition  in 
optical  glass  production  has  caused  a  serious  decline  in 
domestically  produced  glass,  the  addition  of  bulk  optical  glass  to 
the  clause  is  essential  to  protect  the  production  base. 

It  is  recognised  that  from  time  to  time  the  Service  Commands 
will  face  conditions  under  which  a  waiver  to  this  proposed  FAR 
clause  is  justified.  Provisions  for  such  waivers  are  provided  for 
in  the  clause  through  major  command  approval.  Such  waivers  shall  be 
in  effect  for  only  the  period  of  time  needed  to  permit  the  prime 
contractor  to  identify  a  domestic  source  of  supply. 

1.4.2  Review  Possible  Trade  and  Economic  Remedies 

The  JPOTG  has  determined  that  the  underlying  cause  of  the 
shortfall  m  surge  and  mobilization  capacity  is  the  lack  of 
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international  competitiveness  on  the  part  of  U.S.  firms.  It  did  not 
judge  the  fairness  of  international  trade,  nor  determine  what 
specific  measures  the  government  could  take  to  improve  the  condition 
of  the  optics  sector.  Many  in  the  industry  believe  that  the  present 
international  optics  market  is  biased  in  favor  of  foreign  firms 
because  of  strong  government  supports,  unfair  trade  practices  and  a 
lack  of  concern  by  the  U.S.  Government.  These  are  questions  which 
fall  primarily  under  the  jurisdiction  of  the  Department  of 
Commerce.  Accordingly,  the  second  major  recommendation  is  to 
request  the  Commerce  Department  to  assess  the  trade  and  economic 
factors  impacting  this  critical  industry  and  formulate  options  to 
rect i f y  the  s i tuat ion . 

While  potential  policy  measures  designed  to  assist  this  industry 
may  take  considerable  time  to  implement,  they  can  be  an  important 
step  toward  providing  a  longer  term  solution  to  the  competitive 
problems  confronted  by  the  domestic  optical  industry. 
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2.  ASSESSMENT 


2 . 1  BACKGROUND 


This  study  is  a  follow-up  effort  to  a  study  undertaken  by  the 
Army  Materiel  Command  (AMC)  in  1985.  A  detailed  description  of  the 
events  preceding  that  AMC  study  are  presented  in  the  final  report 
and  will  not  be  repeated  here.  The  important  fact  to  note  is  that 
an  earlier  ('84)  AD  HOC  study  group  has  received  JLC  approval  of  a 
recommendation  for  a  FAR  clause.  This  proposed  clause  was  made 
policy  by  the  Under  Secretary  of  Defense  in  May  of  1984,  but  never 
reached  full  FAR  status  from  the  FAR  Council.  In  June  of  1985,  the 
Office  of  the  Assistant  Secretary  of  the  Army  for  Research, 
Development  and  Acquisition  (SARDA)  requested  an  AMC  review  which 
concluded  that  the  Optical  Industry  was  failing  and  that  the  need 
existed  for  FAR  clause  implementation.  Since  the  AMC  study  dealt 
solely  with  Army  requirements,  it  was  decided  to  request  the  Joint 
Group  on  Industrial  Base  (JGIB)  of  the  JLC  establish  the  Joint 
Precision  Optics  Technical  Group  (JPOTG)  to  determine  the  total  DOD 
requirements.  The  Department  of  Commerce,  Office  of  Industrial 
Resource  Administration  was  asked  to  participate  in  this  assessment 
due  to  their  expertise  in  industrial  economic  and  trade  issues. 

Readers  who  lack  a  background  in  Optics  might  benefit  by 
referring  to  the  description  of  the  manufacturing  process  for 
precision  optics  found  in  Appendix  A. 
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2.2  STUDY  GOALS 


The  goals  of  the  JPOTG  were  to: 

a.  Identify  the  Military  Services'  projected  peacetime,  surge 
and  mobilization  requirements  for  Precision  Optics. 

b.  Identify  projected  requirements  for  Strategic  Defense 
Initiative  ( SD I )  Optics. 

c.  Assess  the  capability  of  the  U.S.  Precision  Optics  Base  to 
provide  for  these  requirements. 

d.  Assess  the  degree  of  erosion  in  capability  that  has  occurred 
because  of  foreign  competition. 

e.  Prepare  recommendations  to  eliminate  production  shortfalls. 


2.3  STUDY  METHODS 

2.3.1  Requirements  of  the  Services  and  SD I 

Individual  command  members  of  the  JPOTG  sent  requests  to  their 
subordinate  agencies  responsible  for  the  acquisition  of  systems 
using  optics.  Counts  were  made  of  the  quantity  of  optical  elements 
per  system;  then  using  the  number  of  systems  required,  requirements 
were  calculated.  Emphasis  was  placed  on  those  items  on  the  Critical 
I  terns  List  (CIL).  Peacetime  requirements  were  determined  by  the 
President's  Budget  for  the  years  through  1991. 

Meetings  were  also  held  at  the  SDIO  in  an  effort  to  determine 
its  projected  r equ i r emen t s . 
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2.3.2  Industry  Surveys 

The  Group  prepared  and  released  through  the  Department  of 
Commerce.  Office  of  Industrial  Resource  Administration,  two  in-depth 
industry  surveys  under  mandatory  authority  of  the  Defense  Production 
Act  of  1950.  as  amended.  One  survey  dealt  with  the  capacity  of 
precision  optics  producers  to  manufacture  optical  components.  The 
other  survey  addressed  producers  of  optical  material  used  in  both 
the  visible  (optical  glass)  and  the  infrared  (germanium,  etc.) 
ranges.  (Copies  of  the  survey  instruments  are  attached  at  Appendix 
B.  ) 

2.4  STUDY  RESULTS  AND  FINDINGS 

2.4.1  DOD  Requirements 

2. 4. 1.1  Peacetime  Requirements 

Peacetime  requirements  for  precision  optics,  as  shown  in  figure 
1,  were  derived  from  the  FY87  President's  Budget,  Procurement 
Appropriations,  Army.  Feb  86,  FY  84-91.  The  President's  Budqet 
lists  weapon  system  buys  projected  to  FY91 .  Those  systems  using 
precision  optics  were  identified  and  the  number  of  precision  optical 
elements  per  system  determined.  (Not  all  CIL  items  are  in  the 
President's  Budget  and  not  all  items  procured  during  peacetime  FY 
84-91  are  on  the  CIL.)  Based  on  this  information,  peacetime 
requirements  were  estimated  to  average  approximately  1.2  million  per 
year  or  100.000  per  month. 

By  analyzing  those  systems  being  procured  for  the  next  five 
years,  the  study  team  could  identify  systems  being  procured 
offshore.  (cee  figure  2.) 
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2. 4. 1.2  Mobilization  Requirements 
Army  mobilization  requirements  for  precision  optics  were  taken 
directly  from  the  AMC  F Assessment  Study.  Air  Force  and  Navy 
requirements  were  determined  through  data  requests  to  procurement 
elements  within  each  Service  and  analysis  of  the  available  critical 
i tern  list  (CIL)  information. 
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2.5  INDUSTRY  CAPABILITIES 


2.5.1  Peacetime  Production  Capability 
2. 5. 1.1  Practical  Capacity 

Nine  firms  responding  to  the  Department  of  Commerce  industry 
survey  reported  a  combined  practical  capacit/  to  grind  and  polish 
3.795,014  optical  elements  in  1985.  Practical  capacity,  sometimes 
referred  to  as  engineering  or  design  capacity,  is  the  greatest  level 
of  output  a  plant  can  achieve  within  the  framework  of  a  realistic 
work  pattern.  These  firms  are  estimated  to  represent  about  85 
percent  of  total  U.5.  precision  optics  production  capacity.  Almost 
28  percent  of  tnis  total  was  allocated  for  defense  related 
production.  About  97  percent  of  capacity  is  used  to  produce  optical 
elements  in  the  visible  range  (lenses,  prisms,  mirrors,  other 
flats).  The  remaining  three  percent  of  capacity  includes  infrared 
and  ultraviolet  optical 

1985  U.S.  Optical  Element  Production  Capacity 


Category 

Capac i ty 

Capac  i  ty 

Ut i 1 i zat i on 

Defense 
Capac  i  t  y 

Percen  t 
Defense 

(units) 

(units) 

Visible  Optics 

Lenses 

2.017.916 

64 . 3% 

704,253 

35.0% 

Pr i sms 

57.998 

69 . 6 

35.727 

61  .  7 

Mi r  ror  s 

1  .026.282 

60.0 

97.497 

9.6 

Other  Flats 

564.457 

46.0 

1  10.634 

19.7 

Other  Optics 

Infrared 

98.694 

57.5 

91 .588 

92.8 

Ultraviolet 

29.667 

58.4 

4,658 

15.8 

Total 

3 , 795.014 

60 . 4% 

1  .044,357 

27 . 6% 

categories.  The  military  accounted  for  the  largest  shares  of 
capacity  for  visible  prisms  (61.7  percent)  and  infrared  optics  (92.8 
percent).  In  1985.  capacity  utilization  for  the  nine  firms  averaged 
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only  60.4  percent,  ranging  from  a  low  of  40  percent  to  a  high  of  100 
percent  for  individual  plants. 

2. 5. 1.2  Interpreting  Capacity  Estimates 
The  surveyed  firms  were  asked  to  comment  on  various  factors  that 
could  change  their  capacity  estimates.  Capacity  estimates  were 
based  on  individual  producers  1985  product  mix.  Conditions  that 
would  lower  estimated  capacity  include:  tighter  tolerances  and 
specifications;  the  use  of  harder,  more  difficult  to  work  materials; 
material  availability;  and  increases  in  optical  element  varieties 
which  would  put  additional  demands  on  tooling  and  fixture 
capabilities.  Conditions  that  would  increase  estimated  capacity 
include:  longer  production  runs;  more  skilled  opticians;  additional 

trained  supervisors  for  second  and  third  shifts;  and  more  efficient 
production  scheduling. 

2. 5.  1.3  Ramp-Up  Time 

The  precision  optics  industry  reported  it  would  take  an  average 
of  43  weeks  to  reach  practical  capacity  from  the  average  60  percent 
capacity  utilization  rate  it  cited  in  1985.  The  removal  of  one 
larger  firm  from  this  average  would  reduce  the  average  "ramp-up'' 
time  to  25  weeks.  Individual  plants  estimated  this  time  from  a  low 
of  only  four  weeks  to  a  high  of  78  weeks.  The  long  time  period 
needed  to  reach  practical  capacity  is  caused  primarily  by  shortages 
of  skilled  opt'cians  and  long  lead  times  for  raw  materials  such  as 
optical  glass,  grinding  and  polishing  compounds,  and  coating 
mater i a  I  s  . 
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2 . 5 . 1 . 4  Lead  T i mes 


Lead  time  information  was  collected  separately  for  defense  and 
non-defense  orders.  Lead  time  averages  were  reported  by  each 
surveyed  firm  as  representative  of  the  time  between  receipt  of 
orders  and  de''very  of  finished  optical  components  to  the  customer. 
The  time  customers  spend  in  preparing  orders  and  the  time  they  take 
after  accept'ng  delivery  to  test,  inventory,  and  catalog  the 
components  were  not  evaluated.  However,  customer  processing  and 
handling  could  add  an  additional  30  to  50  percent  to  overall  lead 
t  i  mes 

Average  defense  lead  times  were  reported  at  20  weeks  in  1985. 
Individual  plant  defense  lead  times  ranged  from  a  low  of  only  six 
weeks  to  a  h . gh  of  26  weeks.  Five  plants,  accounting  for  over  80 
percent  of  defense  production,  reported  lead  times  of  20  weeks  or 
more.  Three  firms  reported  they  were  experiencing  increases  in 
their  defense  lead  times.  Reasons  given  included  increasingly 
complex  specifications  and  testing  procedures,  insufficient  labor 
skill  levels,  inadequate  equipment,  and  high  volumes  of  government 
mandated  paper  work  which  delay  the  release  of  orders. 

Average  non-defense  lead  times  were  reported  at  13  weeks.  35 
percent  less  time  than  defense  orders.  Ind'vidual  plants  ranged 
from  a  low  of  only  two  weeks  to  a  nigh  of  26  weeks.  Commercial 
orders  have  shorter  lead  times  because  they  involve  less  paper  work, 
less  testing,  often  less  product  complexity,  and  they  tend  to  use 
more  standardized,  less  exotic  raw  materials  in  production. 

The  cause  of  long  lead  times  includes  raw  material  availability 
(mentioned  by  six  firms)  and  tooling  (mentioned  by  four  firms). 
Shortages  of  opticians  were  mentioned  by  one  firm,  but  opticians  are 
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not  seen  as  a  problem  under  current  utilization  rates.  However, 
were  orders  to  increase  significantly,  shortages  of  opticians  would 
be  a  major  cause  of  longer  lead  times.  To  shorten  lead  times  firms 
recommended  the  stockpiling  of  raw  materials,  adding  toolmakers, 
purchasing  new  equipment,  better  communications  between  customers 
and  suppliers,  and  the  issuance  of  higher  volume  orders. 

2. 5. 1.5  Capacity  Conversion  from  Commercial  to  Defense 
Produc  t i on 

A  healthy  precision  optic  commercial  base  that  can  be  redirected 
or  converted  to  supply  expanded  military  needs  in  a  surge  or 
mobilization  emergency  is  an  important  strategic  asset  that  can 
significantly  enhance  national  security.  Historically,  a  large 
domestically  based  commercial  optical  element  sector  provided  the 
skilled  opticians,  investment,  research  and  development,  managerial 
skills  and  overhead  that  largely  underwrote  defense  purchases. 
However,  the  commercial  ootical  element  base  has  eroded  in  the  face 
of  rapidly  rising  element  imports  and  the  loss  of  the  optical  end 
market  to  overseas  suppliers.  Consequently,  the  Department  of 
Defense  has  risen  from  a  relatively  miner  purchaser  to  the  U.S. 
optical  component  industry's  largest  single  customer,  currently 
acquiring  about  42  percent  of  the  value  of  U.S.  component  production. 

The  conversion  potential  of  commercial  production  capacity  to 
military  production  has  diminished  with  declines  in  the  commercial 
base.  Most  firms  cited  shortages  of  skilled  opticians  and  limited 
testing.  ■ nspec  t i on .  and  coating  equipment  as  constraining  their 
capability  to  switch  from  c omme rcial  to  defense  production.  This 
concern  is  c omp I  i c  a  t  ed  o  v  a  growing  reliance  on  i mpo  rted  machinery 
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and  equipment  and  related  spare  parts/services.  One  larger  firm 
estimated  a  conversion  to  military  production,  assuming  availability 
of  all  necessary  inputs,  would  take  a  year  or  more  to  accomplish. 

Defense  production  generally  requires  tighter  tolerances  and 
specifications  than  commercial  production.  The  raw  glass  is 
frequently  ordered  in  smaller  volumes  and  often  made  of  special 
blends  which  creates  scheduling  problems  and  increases  lead  times 
for  the  glass  producer.  Additionally,  the  skill  level  of  many 
opticians,  while  adequate  for  most  commercial  work,  may  be 
inadequate  to  maintain  low  enough  defect  levels  to  keep  costs  and 
lead  times  under  control  and  still  meet  defense  requirements. 

Defense  production  also  requires  more  metrology  equipment  such  as 
auto  collimators  and  interferometers,  testing  equipment  to  measure 
salt  and  humidity  resistance,  and  equipment  to  test  for  vibration 
integrity.  further,  expensive  vacuum  coating  equipment  would  be 
needed.  Availability  of  this  needed  equipment  in  an  emergency  will 
add  to  the  already  long  lead  times  necessary  for  conversion. 

The  conversion  potential  of  the  domestic  optical  element  sector 
to  military  production  appears  inadequate  to  support  a  rapid 
increase  in  defense  requirements.  The  situation  may  deteriorate 
further  in  the  future  as  foreign  incursions  into  commercial  end 
markets  continue  to  undermine  the  U.S.  commercial  production  base. 
The  growing  dependence  of  U.S.  firms  on  the  volatile  and 
unpredictable  military  market  could  make  investment  in  modern 
equipment  less  attractive  and  more  difficult  to  justify.  Moreover, 
the  ahead y  diminished  pool  of  highly  skilled  opticians  will  be 
difficult  to  ma i n t a  1 n  in  the  more  volatile  military  market.  In 
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addition,  essential  civilian  requirements  (e.g.,  microscopes  and 
lasers  for  medical  use,  or  sophisticated  optical  testing  and 
inspection  equipment  needed  in  a  number  of  defense  related 
manufacturing  industries)  will  make  claims  on  optical  component 
capacity  during  an  emergency  and  could  be  an  additional  limit  to 
convers i on . 

2.5.2  Surge  and  Mobilization  Capabilities 

Surge  and  mobilization  production  capabilities  for  precision 
optics  were  reported  by  the  nine  firms  in  their  survey  responses. 
Surge,  for  this  study,  is  defined  as  the  maximum  sustainable  level 
of  defense  production  within  an  existing  establishment  by  the  end  of 
six  months.  During  a  surge,  commercial  deliveries  are  to  be 
maintained  as  well.  Idle  capacity  and  additional  labor  can  be 
employed.  Under  a  mobilization  scenario,  defense  production  is  to 
be  increased  to  the  maximum  sustainable  level  after  12  months. 
Commercial  production  is  restricted  to  25  percent  of  base  year 
(1985)  levels,  and  government  financial  and  other  assistance  is 
available.  In  a  mobilization,  existing  plant  facilities  can  be 
expanded  over  the  period. 

In  the  analysis  of  the  firms'  surge  and  mobilization 
capabilities,  average  1985  monthly  defense  production  was  used  as  a 
proxy  for  peacetime  defense  requirements.  Firms  were  asked  to 
report  their  monthly  defense  production  capability  after  three 
months  and  six  months  for  a  surge,  and  to  target  a  doubling  of 
production  by  the  end  of  the  six  mon  t  hs .  For  mob i  I  i z  a  t i on ,  mon  t  h I y 
production  capability  was  reported  after  six  and  twelve  months,  with 
a  target  of  quadrupling  production  after  one  year. 
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2.5.2. 1  Surge  Capabilities 

For  a  surge,  the  following  table  shows  that  the  firms  cannot 
increase  production  enough  to  meet  the  targeted  twofold  increase, 
with  only  a  46.7  percent  increase  in  production  levels  after  six 
months.  In  individual  product  categories,  all  visible  optics  failed 
to  meet  production  targets,  while  the  more  specialized  infrared  and 
ultraviolet  optics  were  more  successful.  Visible  optics,  however, 
account  for  the  bulk  of  peacetime  defense  needs;  91.4  percent  on  a 
unit  basis,  and  43.7  percent  on  a  value  basis.  Infrared  optics, 
although  a  small  volume  item,  are  much  more  significant  to  national 
defense  in  terms  of  value,  accounting  for  over  one  half  of  total 
dollar  defense  shipments.  Moreover,  almost  93  percent  of  infrared 
production  is  utilized  for  defense  purposes. 


Surge  Production  Capabilities 
(in  average  monthly  units) 


1985  3  Month  6  Month 

Defense  Production  Rate  Production  Rate 


Category 

Produc  t i on 

%  Ga  i  n 

Quant  i  ty 

%  Ga  i  n 

Quantity 

Visible  Optics 

Lenses 

37.716 

1  4 . 3% 

43. 109 

37.5% 

51,860 

Pr i sms 

2,070 

20.3 

2.490 

39.  1 

2.879 

Mi rrors 

4.886 

16.5 

5.692 

39.6 

6.821 

Other  Flats 

4.248 

18.8 

5.047 

44.9 

6.155 

Other  Optics 

1 nf rared 

4.383 

54 . 1 

6.754 

115.5 

9.445 

Ultraviolet 

227 

133.0 

529 

506.2 

1  .376 

Total  : 

53.530 

1  8 . 9% 

63.622 

46 . 7% 

78.537 

2. 5. 2. 2  Mobilization  Capabilities 
Under  a  mobilization  scenario,  the  same  conclusion  is  drawn; 
visible  optics  categories  cannot  be  produced  in  sufficient 
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quantities  to  satisfy  the  targeted  quadrupling  (300  percent 
increase)  of  production  within  the  one  year  period.  Weaknesses  are 
particularly  evident  in  the  mirror  and  other  flats  categories,  with 
increases  of  only  77.4  percent  and  88.4  percent,  respectively,  after 
12  months.  On  the  other  hand,  the  infrared  and  ultraviolet  optics 
are  able  to  meet  the  objective,  with  the  ultraviolet  showing  the 
strongest  potential  for  increased  production. 


Mobilization  Production  Capabilities 
(in  average  monthly  units) 

1985  6  Month  12  Month 


Category 

Defense 
Produc  t i on 

Product  ion  Rate 
%  Ga i n  Quant i ty 

Product i on  Rate 
%  Gain  Quantity 

Visible  Optics 

Lenses 

37.716 

105 . 7% 

77.582 

273.2% 

140.756 

Pr i sms 

2.070 

138.4 

4.935 

227.3 

6,775 

Mi r  rors 

4.886 

39.6 

6.821 

77.4 

8.668 

Other  Flats 

4.248 

44.9 

6.155 

88.4 

8.003 

Other  Optics 

Infrared 

4.383 

149.3 

10.927 

315.7 

18.220 

Ultraviolet 

227 

1060.8 

2.635 

1060.8 

2,635 

Total: 

53.530 

103 . 7% 

109.055 

245 . 8% 

185,057 

2. 5. 2. 3 

Bot  t 1 enecks 

to  a  Surge/Mob i 1 i zat 

i  on 

The  firms  were  also  requested  to  provide  details  on  specific 
bottlenecks  they  foresaw  in  attempting  to  increase  production  for  a 
surge  or  mobilization.  Among  the  problems  that  would  be  encountered 
is  the  limited  availability  of  supplies  and  raw  materials  due  to  the 
inadequacy  of  domestic  sources  and  reliance  on  foreign  suppliers, 
in  an  emergency  situation,  the  continued  availability  or 
de M verab i I i ty  of  these  items  may  be  in  question. 

Another  major  area  of  concern  is  the  supply  of  equipment  and 
machinery  related  to  spare  parts  for  the  grinding,  polishing. 
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coating  and  testing  processes.  As  with  raw  materials,  much  of  this 
equipment  originates  abroad,  domestic  production  capacity  is 
limited,  and  long  lead  times  are  common.  Under  surge  or 
mobilization  conditions,  pressures  on  the  optical  equipment  and 
machine  tool  industries  would  be  great,  leaving  doubt  as  to  the 
availability  of  vital  equipment. 

The  most  often  mentioned  bottleneck  to  increased  production 
relates  to  the  supply  of  skilled  labor.  This  problem  was  named  by 
every  firm  and  across  almost  every  optics-producing  operation  and 
process  -  coating,  grinding,  polishing,  testing,  hand  correction  and 
assembly.  As  discussed  in  detail  in  the  section  on  Work  Force,  an 
extended  period  is  required  to  train  opticians  and  other  vital 
opt i ca I  personne I . 

2. 5. 2. 4  Critical  Work  Force  Requirements  in  a 
Surge/Mob i I i zat i on 

In  the  survey,  optics  producers  were  asked  to  identify  critical 
occupations  and  the  number  of  workers  in  each  occupation  they  would 
need  to  meet  surge  and  mobilization  targets.  Critical  occupations 
are  defined  as  those  for  which  an  anticipated  or  potential  shortage 
of  qualified  personnel  would  occur  during  a  surge  or  mobilization. 

In  general,  critical  occupations  would  include  skilled  occupations 
that  require  an  extended  training  period.  The  table  below  presents 
the  aggregated  predictions  for  needed  employment  of  critical 
occupations  during  a  surge  or  mobilization.  Also  shown  is  the  range 
given  of  the  training  period  for  these  positions. 
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Number  of  Critical  Workers  Needed  in  a 
Surge  and  Mobilization 


Critical 

Occupat i on 

Current 

Employment 

Number 
Needed 
to  Surge 

Number 
Needed 
to  Mob 

Training 
Per i od 
(Months ) 

Opt i c i ans 

216 

313 

470 

2-36 

Eng i neer  s 

67 

101 

167 

2-48 

Testing  &  Quality  Control 

34 

50 

90 

6-24 

Other  Production  Workers 

209 

296 

488 

4-48 

Coat i ng  Opt i c i ans 

105 

139 

205 

4-18 

Total 

631 

899 

1  .420 

2.5.3  Work  Force 

2 . 5 . 3  .  1  T rends 

Since  1981.  the  optics  industry  has  experienced  an  almost  50 
percent  decline  in  its  work  force.  Closer  examination  of  this 
industry  revealed  substantial  work  force  reductions  across  the  board 
in  precision  optic  occupations.  Producers  reported  a  total  of  1,655 


employees  in  1986,  down 

from  3. 

096  i  n 

1981.  Thi 

is  overal 

1  employment 

decline  has  dramatically 

affected  this 

i ndus  t r  y  ' 

s  produc  t i on 

capability,  particularly 

unde  r 

surge  and  mobilization  conditions 

Precision 

Optics 

-  Work  Force 

1981 

1982 

1983 

1984 

1985 

1986 

Scientists  and  Engineers 

253 

251 

243 

243 

369 

198 

Production  Workers 

2,457 

2.265 

1 ,232 

1  ,252 

1  ,353 

1,108 

Administration  &  Other 

386 

412 

324 

328 

358 

349 

Totals 

3.096 

2,928 

1  .799 

1  .823 

2,080 

1  .655 

Opticians  (also  included 
in  above  numbers) 

1  .015 

938 

727 

723 

741 

602 

Percent  of  Work  Force 

3  2.7% 

32.0% 

40 . 4% 

39.6% 

35.6% 

36.3yi 
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Opt 

ical  Materials  - 

Work  Force 

1981 

1982 

1983 

1984 

1985 

Scientists  &  Engineers 

114 

101 

103 

103 

97 

Produc t i on  Workers 

835 

764 

658 

650 

703 

Administration  &  Other 

245 

221 

223 

230 

246 

Tota  1  s 

1.194 

1  .086 

984 

983 

1  .046 

2. 5. 3. 2  Shortage  of  Skilled  Opticians 
Specialized  and  lengthy  training  is  required  by  some  of  the  work 
force.  While  unskilled  labor  is  plentiful,  the  availability  of 
journeymen  and  master  opticians  dropped  from  1,015  in  1981  to  only 
602  in  1986,  a  41  percent  decline.  One  firm  reported  that  90 
percent  of  its  master  opticians  are  approaching  retirement  age  and 
no  viable  programs  are  in  place  to  supply  future  needs. 

The  definition  used  in  the  industry  survey  to  describe  opticians 
was  technicians  who  grind,  polish,  and  test  precision  optical 
components  (i.e.,  lenses,  prisms,  etc.)  and  assemble  these 
components  into  optical  systems.  (Note:  This  definition  of 
opticians  does  not  include  "dispensing  opticians"  who  grind 
eyeglasses.  Dispensing  opticians  are  substantially  different  from 
precision  optical  opticians  and  can  not  be  converted  to  precision 
optical  production  without  extensive  retraining.) 

To  become  highly  skilled,  an  optician  requires  two  to  three 
years  of  training  and  usually  apprentices  under  a  master  optician. 
The  skills  of  an  optician  are  highly  technical  and  most  training  is 
currently  provided  on  the  job.  Skills  and  knowledge  required 


i  nc I ude : 


o  Skills 

-  equipment  operation  and  maintenance 

-  use  of  various  grinding  and  polishing  compounds,  and 

-  testing  with  a  micrometer,  spherometer,  lens  bench,  auto 
collimator  and  interferometer 

o  Knowledge 

-  fundamental  theory  of  light 

-  principles  of  refraction  and  diffraction 

-  characteristics  of  glass  and  other  refractive  materials 

-  processing  procedures 

-  elementary  mathematics 

-  blueprint  reading,  and 

-  interpretation  of  specifications,  tolerances  and  tests 

Other  critical  occupations  in  short  supply  that  could  constrain 
a  surge  or  mobilization  are  coating  technicians,  optical  assemblers, 
quality  controllers,  grinders,  and  polishers. 

2. 5. 3. 3  Industry  Sponsored  Training  Programs 

The  optical  element  producers  have  formed  through  the  American 
Precision  Optics  Manufacturing  Association  (APOMA),  a  committee  to 
institute  a  future  training  program.  It  will  be  an  apprentice-type 
program  with  training  conducted  on  the  job.  Two  years  of  this 
training  will  be  sponsored  by  APOMA.  At  the  end  of  two  years,  the 
top  10  percent  of  those  trained  will  be  eligible  to  continue  for 
another  year  of  more  intensive  training  to  become  supervisors  and 
foremen.  The  others  will  go  on  to  become  opticians.  By  the  end  of 
1987.  APOMA  expects  to  have  the  training  program  in  full  operation. 

Back  in  1980.  a  training  program  was  developed  by  one  company 
with  a  local  community  college.  In  this  program  a  two  year  A.S. 
degree  in  precision  optics  was  established.  In  addition  to  donating 
$100,000  worth  of  equipment,  this  company  provided  instructors  and 
laboratory  assistants.  The  company  noted  that  college  level 
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training  was  necessary  to  acquire  the  needed  specialized  skills  more 
rapidly  than  on  the  job  training.  It  believes  that  two  years  of 
college  training  are  equal  to  four  years  of  training  on  the  job. 
However,  a  downturn  in  the  economy  caused  demands  for  skilled 
employees  to  iessen.  The  program,  which  received  little  support 
from  the  local  community,  was  inactivated  in  1984. 

While  this  program  is  currently  inactive,  it  could  be 
reactivated  within  four  to  six  months.  Another  company  responding 
to  the  survey  noted  that  increased  business  would  be  needed  to 
offset  the  training  costs  of  more  opticians. 

2. 5. 3. 4  Shift  Productivity 

Producers  noted  that  they  could  significantly  increase 
production  by  operating  multiple  shifts.  Using  one  shift  as  a 
starting  point,  producers  estimated  that  production  could  be 
increased  an  average  of  73  percent  with  the  addition  of  a  second 
shift  and  by  112  percent  with  the  addition  of  both  a  second  and 
third  shift.  However,  the  shortage  of  skilled  employees  would 
severely  limit  projected  increases. 

The  precision  optics  producers  also  reported  the  number  of 
production  workers  employed  by  shift  and  major  production  operation 
for  1985  and  estimated  what  those  numbers  would  be  if  they  were 
operating  at  practical  capacity.  The  total  increase  in  production 
workers  required  to  reach  practical  capacity  was  estimated  at  82.2 
percent  or  1.113  workers.  Since  the  industry  was  using  60.4  percent 
of  its  capacity  in  i 985 .  production  at  100  percent  of  capacity  would 
amount  to  a  65.6  percent  production  increase  (i.e..  ( 1 00-60 . 4 ) /60 . 4  = 
.656)  . 
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The  smaller  percent  increase  in  production  than  in  the  work 
force  translates  into  about  a  20  percent  decline  for  the  additional 
workers  in  the  productivity  of  labor.  A  productivity  drop  of  this 
magnitude  may  not  be  acceptable  during  an  extended  surge  or 
mobilization  period  with  the  expected  shortage  of  opticians.  To 
counteract  such  a  drop,  additional  capital  equipment  would  be  needed 
to  restore  the  cap i ta I / I abor  ratio  closer  to  its  optimal  range. 

Percentage  increases  in  employment  vary  significantly  by  major 
production  operation  when  expanding  to  practical  capacity.  The 
employment  increase  for  the  coating  operation  was  the  smallest  at 
only  55.9  percent.  All  other  operations  show  diminishing  returns  to 
scale  or  declines  in  labor  productivity  with  incremental  additions 
to  the  work  force.  Employment  in  the  assembly  operation  showed  the 
greatest  increase  at  119.9  percent  with  hand  correction  and  rough 
grinding  slightly  I  ess . 

NUMBER  OF  PRODUCTION  WORKERS  PER  SHIFT  IN  1985  AND  THE 
NUMBER  REQUIRED  IF  OPERATING  AT  PRACTICAL  CAPACITY 


Operat i on 

1985 

1  s  t 

Opera  t i ons 
Shift 

2nd  3rd 

Practical  Capac i ty 
Shift 

1st  2nd  3rd 

Overa 1 1 
Percen  t 

1  nc  rease 

Rough  Gr i nd  i  ng 

( 60 . 4% 
68 

u  t  i  1  i  z  a  t 
28 

i  on ) 

7 

(  1  00% 
104 

util 

67 

i  za  t i on ) 

48 

112.7% 

Fine  Grinding 

70 

1  9 

4 

87 

52 

36 

88 . 2% 

Pol  i  sh  i  ng 

197 

87 

30 

250 

166 

1  36 

7  5.8% 

Hand  Correct  ion 

31 

8 

0 

4  1 

27 

16 

115. 4% 

Coat  i ng 

1  1  3 

68 

23 

141 

1  1  1 

66 

55.9% 

Assemb 1 y 

86 

20 

0 

1  15 

78 

40 

119. 9% 

Test  i  ng 

80 

36 

0 

122 

86 

22 

98 . 3% 

Other 

237 

__93 _ 

4  7_ 

397 

144 

1  13 

73.5% 

Total 

882 

359 

1  1  1 

1  .  257 

731 

477 

82 . 2% 
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2.6  Industry  Performance 

2.6.1  Shi pmen  ts 

Perhaps  the  most  startling  finding  of  this  assessment  is  the 
small  share  of  the  U.S.  market  comprised  of  domestically  produced 
precision  optical  elements.  It  is  estimated  that  U.S.  production  in 
units  accounts  for  less  than  two  percent  of  total  U.S.  consumption. 
On  a  value  basis,  the  U.S.  share  of  shipments  is  higher  because  many 
U.S.  firms  continue  to  participate  in  highly  specialized,  low-volume 
optic  markets.  In  these  markets,  a  single  element  (such  as  for  the 
space  telescope  or  for  the  research  being  done  by  Lawrence  Livermore 
Laboratories  on  laser  fusion)  may  be  several  yards  in  diameter  and 
cost  several  million  dollars.  This  compares  with  an  average  import 
price  of  only  three  or  four  dollars.  Total  value  shipment  numbers 
are  not  available  and  it  is  with  prudence  that  we  estimate  the  U.S. 
producers'  share  at  between  30  and  40  percent  of  the  total  U.S. 
market . 

Unit  shipments  of  precision  optics  by  the  nine  surveyed  firms 
varied  over  the  1981-1985  period.  In  1981,  1.7  million  units  were 
shipped.  This  number  rose  to  2.1  million  in  1982.  Shipments 
declined  to  only  1.9  million  or  by  7.6  percent  in  1983,  but  rose 
along  with  several  major  end  markets  including  the  military  in  1984 
to  2.5  million.  1985  brought  a  slump  in  shipments  to  2.3  million 
although  some  individual  firms  showed  improvement.  A  further 
overall  decline  is  expected  in  1986  due  to  continued  pressures  from 
foreign  competitors  and  continued  offshore  migration  of  commercial 
end-markets . 

Among  individual  optical  component  categories,  the  same  general 
unit  sfrpment  trends  prevail,  except  that  shipments  of 
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visible  mirrors  showed  expansion  in  1985  over  their  1984  levels. 
Ultraviolet  optics  have  experienced  continued  growth  over  the  entire 
f i ve  year  per i od . 


UNIT  SHIPMENTS  BY  MAJOR  COMPONENTS 
1981-1985 
( I n  Thousands ) 


VISIBLE  OPTICS 


LENSES 

1981 

1982 

1983 

1984 

1985 

Non-Defense 

656.7 

909.0 

782.0 

925.3 

846.0 

Defense 

190.7 

252.1 

295.6 

429.2 

452.6 

Tota  1 

847.4 

1161.1 

1077.6 

1354.4 

1298.6 

Defense  Share 

22.5% 

21  .7% 

27.4% 

31.7% 

34 . 9% 

PR  1  SMS 

1981 

1982 

1983 

1984 

1985 

Non-Defense 

18.5 

17.2 

11.6 

26.9 

15.5 

Defense 

26.8 

27.8 

13.9 

38.1 

24.8 

Total 

45.3 

45.1 

25.5 

65.0 

40.3 

Defense  Share 

59.2% 

61.8% 

54.4% 

58.7% 

61.6% 

MIRRORS 

1981 

1982 

1983 

1984 

1985 

Non-Defense 

349.3 

450.7 

429.2 

514.2 

557.5 

Defense 

20.2 

24.1 

32.2 

50.2 

58.6 

Total 

369.6 

474.8 

461  .4 

564.5 

616.1 

Defense  Share 

5.5% 

5 . 1% 

7.0% 

8.9% 

9.5% 

OTHER  FLATS 

1981 

1982 

1983 

1984 

1985 

Non-Defense 

398. 1 

296.9 

335.5 

208.7 

Defense 

32.2 

46.3 

48.3 

59.6 

51  .0 

Tota  1 

430.3 

343.2 

302.8 

395 . 1 

259.7 

Defense  Share 

7 . 5% 

13.5% 

16.0% 

15.1% 

19.6% 

INFRARED  OPTICS 

1981 

1982 

1983 

1984 

1985 

Non-Defense 

5.9 

5 . 1 

3.9 

5.4 

4. 1 

Defense 

42.3 

41  .9 

39.8 

52.5 

52.6 

Total 

48.2 

46.9 

43.7 

57.9 

56.7 

Defense  Share 

87 . 8% 

89 . 2% 

9 1  . 0% 

90 . 7% 

92 . 8% 

ULTRAVIOLET  OPTICS 

1981 

1982 

1983 

1984 

1985 

Non-Defense 

5 . 3 

5.5 

6.4 

12.4 

14.6 

Defense 

2.7 

2.7 

4.3 

4.3 

2 . 7 

Tota  1 

8.0 

8.2 

10.7 

16.7 

17.3 

Defense  Share 

34 . 1% 

33.2% 

40 . 3% 

25 . 8% 

1  5 . 7% 

TOTAL  ALL  OPTICS 

1981 

1982 

1983 

1984 

1985 

Non-Defense 

1433 . 7 

1684.4 

1487.6 

1819.7 

1646.3 

Defense 

315.0 

394.9 

434. 1 

633.9 

642.4 

Total 

1748.8 

2079.3 

1921.7 

2453.6 

2288.6 

Defense  Share 

18.0% 

19.0% 

22.6% 

25 . 8% 

28 . 1% 
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Overall,  just  over  28  percent  of  unit  optics  shipments  in  1985 
for  the  nine  firms  went  to  defense  purposes.  This  percentage  has 
risen  consistently  over  the  period,  demonstrating  the  firms' 
increasing  reliance  on  military  sales  as  the  growth  of  commercial 
markets  has  been  stifled  by  foreign  competition.  The  percentage  of 
optics  used  for  defense  purposes  varies  greatly  from  component  to 
component,  ranging  from  a  low  of  15.7  percent  for  ultraviolet  types 
to  a  high  of  92.8  percent  for  infrared  types.  Defense  shipments,  in 
contrast  to  commercial  shipments,  show  consistent  growth  over  the 
1981-1985  period  for  most  component  categories  and  in  the  overall 
total  . 

Total  value  of  shipments  of  precision  optics  follows  the  pattern 
of  unit  shipments  closely,  but  price  increases  mask  the  decline  in 
unit  shipments  in  1985. 

DOLLAR  SHIPMENTS  BY  MAJOR  COMPONENTS 
1981-1985 

(In  Thousands  of  Current  Dollars) 


VISIBLE  OPTICS 

1981 

1982 

1983 

1984 

1985 

Non-Defense 

$23,056 

$26,110 

$22,941 

$28,772 

$28,343 

Defense 

7.846 

7.837 

6,892 

6.983 

9,392 

Total 

30.902 

33.947 

29,833 

35,755 

37.735 

Defense  Share 

25.4% 

23.1% 

23 . 1% 

1  £  .  5% 

24 . 9% 

INFRARED  OPTICS 

1981 

1982 

1983 

1984 

1985 

Non-Defense 

$  341 

$  312 

$  836 

$  1.011 

$  958 

Defense 

4.645 

10,072 

12,430 

12,523 

11,740 

Total 

4.986 

10.384 

13.266 

13,534 

12.698 

Defense  Share 

93 . 2% 

97.0% 

93 . 7% 

92.5% 

92.5% 

ULTRAVIOLET  OPTICS 

1981 

1982 

1983 

1984 

1985 

Non-Defense 

$  210 

$  21  1 

$  239  $ 

310  $ 

348 

Defense 

362 

362 

442 

443 

365 

Total 

572 

573 

681 

753 

713 

Defense  Share 

63 . 3% 

63 . 2% 

64.9% 

58.8% 

51.2% 

TQTAI  ALL  OPTICS 

1981 

1982 

1983 

1984 

1985 

Non-Defense 

$23,607 

$26,633 

$24,016 

$30,093 

$29,649 

Defense 

12.853 

18,271 

19,764 

19.949 

21 .497 

Total 

36.460 

44.904 

43.780 

50.042 

51.146 

Defense  Share 

35 . 3% 

40 . 7% 

45.1% 

39 . 9% 

42.0% 
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Defense  shipments  measured  in  value  terms  present  a  different 
picture.  On  a  value  basis.  42  percent  of  total  shipments  went  to 
defense  applications.  Individual  categories  ranged  from  25  percent 
to  defense  for  visible  optics  to  over  92  percent  for  infrared.  The 
share  of  shipments  in  terms  of  value  devoted  to  defense  is  much  more 
volatile  than  the  equivalent  unit  calculation,  changing  from  year  to 
year  with  no  particular  pattern  apparent.  This  is  because  of  the 
wide  fluctuations  in  unit  prices  of  optics  reflecting  the  wide 
variability  in  their  size,  quality,  and  type. 

2.6.2  Prices 

Average  prices  (dollars  per  unit)  were  calculated  for  the  major 
categories  of  optics  and  are  presented  below.  Again  care  must  be 
taken  in  interpreting  these  figures  because  of  the  wide  variation  in 
price  for  different  optics,  even  within  the  same  general  category. 

On  the  whole,  defense  optics  are  more  expensive  than  their 
non-defense  counterparts,  averaging  $33  per  item  versus  $18  for 
commercial  optics  in  1985.  In  the  visible  and  infrared  optics 
categories,  however,  the  commercial  price  has  edged  slightly  higher 
than  the  defense  price  in  recent  years.  This  reflects  the  fact 
that,  among  the  nine  surveyed  firms,  many  pursued  the  more 
specialized,  h i gher -va I ued  commercial  markets  as  foreign  producers 
became  dominant  in  the  low  end  of  the  market.  Furthermore, 
increased  competition  among  domestic  producers  for  defense  business 
has  brought  defense  prices  down  relative  to  commercial  prices.  To  a 
great  extent,  high  end  commercial  and  defense  applications  have 
become  the  only  markets  that  remain  for  domestic  producers  as 
traditional  markets,  such  as  lenses  for  cameras,  binoculars  and 
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telescopes  are  almost  completely  offshore  today.  In  the  future, 
defense  tolerances  and  specifications  are  expected  to  become  tighter 
and  more  sophisticated.  This  could  drive  defense  costs  and  prices 
higher  in  years  to  come. 


AVERAGE  PRICE  OF  MAJOR  COMPONENTS 
1981-1985 


VISIBLE  OPTICS 

1981 

1982 

1  983 

1984 

1985 

Non-Defense 

Defense 

Total 

$16.21 

29.06 

18.26 

$15.60 

22.37 

16.77 

$15.53 

17.67 

15.98 

$15.97 

12.10 

15.03 

$17.41 

16.00 

17.04 

INFRARED  OPTICS 

1981 

1982 

1983 

1984 

1985 

Non-Defense 

Defense 

Total 

$57  .  96 
109 .77 
103.45 

$61  .  36 
240.61 
221.19 

$212.45 

312.43 

303.43 

$187.40 

238.59 

233.82 

$235 . 90 
223 . 1  9 
224. 10 

ULTRAVIOLET  OPTICS 

1  981 

1982 

1983 

1984 

1985 

Non-Defense 

Defense 

Total 

$39.87 

133.09 

72.62 

$38.52 

133.09 

69.90 

$  37.40 
102.31 
63.59 

$  24.95 
102.55 
44.97 

$  23.87 
134.19 
41 .21 

TOTAL  ALL  OPTICS 

1981 

1982 

1983 

1984 

1985 

Non-Defense 

Defense 

Total 

$16.47 

40.80 

20.85 

$15.81 
46.26 
21  .60 

$  16.14 
45.52 
22.78 

$  16.54 
31  .47 
20.40 

$  18.01 
33.47 
22.35 

2.6.3  Imports  and  Exports 

We  estimate  that  the  United  States  imported  a  staggering  279.2 
million  optical  elenr^nts  in  1986.  This  import  total  was  more  than 
one  hundred  times  as  many  optical  elements  as  the  surveyed  firms 
produced  domestically  (i.e..  elements  that  were  ground  and 
polished).  In  terms  of  value,  imported  elements  were  estimated  to 
equal  about  a  billion  dollars  in  1986. 

Over  80  percent  of  these  imports  originated  in  the  Far  East, 
primarily  Japan.  Taiwan  and  South  Korea.  Over  95  percent  of  the 
imports  entered  the  United  States  as  contained  elements''  in 
end-products  such  as  cameras,  telescopes,  photographic  lenses  and 
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binoculars.  Only  4.7  percent  of  the  imported  elements  entered  as 
"unmounted"  optical  elements.  In  absolute  terms,  element  imports 
have  increased  by  over  140  percent  since  1978. 

Exports  of  optical  elements,  on  the  other  hand,  ranged  between 
27.1  and  48  million  units  during  the  1978  to  1986  period.  Most 
exports,  however,  are  actually  re-exports  of  either  mounted  or 
unmounted  imported  elements  assembled  in  the  United  States  into 
end-products  for  export.  The  U.S.  has  maintained  a  small  trade 
surplus  with  the  European  Community.  A  huge  trade  deficit  exists 
with  the  Far  East.  (See  Appendix  E  for  a  detailed  accounting  of 
imports  and  exports.) 


TOTAL  U.S.  IMPORTS  AND  EXPORTS  OF 
OPTICAL  ELEMENTS,  1978-1986 


(in  millions  of  optical  elements) 


Year 

Impor  ts 

Expor  ts 

1978 

116.3 

31.8 

1979 

124.3 

41 .5 

1980 

128.6 

36.6 

1981 

144.8 

34 . 8 

1982 

148.2 

48.0 

1983 

156.4 

31.6 

1984 

223 . 2 

27  .  1 

1985 

280.8 

36.6 

1986 

279 . 2 

35.6 

Source:  Department  of  Commerce 


Import  statistics  were  collected  for  11  major  end-products 
(cameras,  binoculars,  microscopes,  etc.)  containing  optical 
elements.  Imported  optical  elements  "contained"  in  these 
end-products  were  then  estimated.  Of  the  end-products,  still 
cameras  contained  almost  44  percent  of  the  total  imported  elements 
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in  1986,  which  was  by  far  the  largest  single  end-product  share. 

Other  major  end-products  with  significant  shares  included  telescopes 
(15.4  percent),  mounted  photographic  lenses  (13.8  percent),  and 
binoculars  (12.2  percent). 

Camera  imports  rose  dramatically  since  1983  from  only  30.1 
mi  I  i  ion  (contained  elements)  to  122.3  million  elements  in  1986.  more 
than  a  300  percent  increase.  Imports  of  contained  camera  elements 
from  Taiwan  grew  from  under  5  million  to  over  50  million  in  this 
short  period  as  both  American  and  Japanese  multinationals  opened 
export  facilities  there.  Taiwan  emerged  with  the  largest  share  of 
camera  exports  to  the  U.S.  (41.4  percent),  surpassing  Japan  (34.6 
percent)  in  1985.  Taiwan  also  became  the  major  supplier  of  motion 
camera  elements  (66.1  percent),  edging  past  Japan  (23.4  percent)  in 
1984.  Motion  cameras,  however,  are  the  smallest  of  the  11 
end-product  markets,  and  in  fact  have  declined  in  overall  number 


1986  U.S.  IMPORTS  OF  CONTAINED  OPTICAL  ELEMENTS 
9Y  END  PRODUCT  AND  BY  MAJOR  COUNTRY  OF  ORIGIN 


Impor  ted 

percent 

Major 

percent 

End  Product 

e 1 emen  t  s 

of  total 

Source 

of  total 

(mi  1  1  ions) 

Still  Came  r  as 

122.3 

43 . 8% 

T  a i wan 

4 1  . 4% 

Te  1  escopes 

42 . 9 

15.4 

Japan 

40.7 

Photographic  Lenses,  Mounted 

38.5 

13.8 

Japan 

78.2 

B  i  nocu 1 ar  s 

34.0 

12.2 

Japan 

54.9 

Optical  Elements,  Unmounted 

13.2 

4.7 

Japan 

65 . 7 

Optical  Elements,  Mounted 

10.8 

3 . 9 

Japan 

85 . 1 

Photocopiers 

8.6 

3  .  1 

Japan 

94.4 

Projection  Lenses.  Mounted 

4 . 7 

1  .  7 

Japan 

85.6 

M  i  c  roscopes 

2.0 

.  7 

Japan 

79.3 

Projec  tors 

1  .6 

.  6 

Japan 

21  .6 

Mot  ion  Camer as 

.5 

.  2 

T  a i wan 

66. 1 

Total 

279 . 2 

1 00 . 0% 

Japan 

50 . 4% 

Source:  Department  of  Commerce 
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since  1978.  Japan  has  the  largest  share  of  the  import  market  for 
each  of  the  other  nine  end-product  categories. 


Further  analysis  of  this  information  showed  that  not  only  have 
domestic  producers  lost  ground  to  imports,  but  that  large  cross 
sections  of  element  "end-markets"  have  moved  offshore.  This 
occurred  despite  rapid  growth  in  many  optics  end  markets  in  the 
U.S..  in  which  U.S.  firms  failed  to  participate.  The  large  scale 
displacement  of  end  markets  has  substantially  reduced  the  overall 
size  of  the  element  market  available  to  domestic  producers  and  could 
jeopardize  their  long  term  viability. 


SHIFTS  IN  U.S.  IMPORT  TRADE  WITH  JAPAN, 
TAIWAN  AND  SOUTH  KOREA 

(in  millions  of  optical  elements) 


Total  Imports  and  Percent  of  Total  from  Three  Country 

Year  Imports _ Japan  _  Taiwan  S.  Korea  Import  Total 


units 

units 

% 

units 

% 

units 

% 

units 

% 

1978 

116 

86 

70 . 3% 

7 

5.7% 

6 

5.0 

98 

84 . 5% 

1979 

124 

94 

75.8 

7 

5.3 

5 

4.2 

106 

85.3 

1980 

129 

101 

78.5 

5 

3.8 

5 

3.9 

1  1  1 

86.2 

1981 

145 

109 

74.9 

5 

3.5 

7 

4.9 

121 

83.3 

1982 

148 

112 

75.4 

7 

4.7 

8 

5.7 

127 

85.8 

1983 

156 

1  1  7 

74.5 

9 

5.7 

9 

6.0 

135 

86.3 

1984 

223 

155 

69.6 

23 

10.1 

16 

7.3 

194 

87.1 

1985 

281 

155 

55.1 

46 

16.4 

23 

8 . 0V  ' 

223 

79.5 

1986 

279 

141 

50.4 

63 

22.4 

23 

8.2 

226 

81  .0 

Wor  Id 

Growth 

Japan 

Rates  by  Country. 

T  a i wan  S . 

1978-1986 

Korea  Three 

Count  r i es 

1 40% 

64% 

843% 

295% 

130% 

Source:  Department  of  Commerce 
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A  major  shift  in  U.S.  import  patterns  has  occurred  in  recent 
years  with  Japan  losing  large  portions  of  its  share  of  the  U.S. 
import  market  to  Taiwan  and  South  Korea.  Japan's  share  of  total 
imported  optical  components  peaked  at  78.5  percent  in  1980  and 
remained  near  or  above  70  percent  through  1984.  However,  since  1984 
Japan's  share  of  the  U.S.  import  market  has  fallen  to  50.4  percent 
in  a  trend  that  is  expected  to  continue. 

Most  of  Japan's  lost  share  was  captured  by  Taiwan  and  South 
Korea,  which  expanded  their  share  of  the  U.S.  import  market  from 
17.4  percent  in  1984  to  30.6  percent  in  1986.  Imports  from  Japan 
also  declined  in  absolute  terms  after  peaking  in  1984  at  155.4 
nillion  elements.  By  1986,  imports  from  Japan  had  fallen  to  140.6 
million  elements  or  a  decline  of  9.5  percent.  This  occurred  while 
total  U.S.  imports  expanded  by  over  25  percent  from  223  to  over  279 
million  imported  elements. 

Several  important  circumstances  underlie  this  shift.  Perhaps 
paramount  among  these  is  the  competitive  struggle  between  large  end 
user  firms  such  as  Fujitsu  and  Kodak.  In  efforts  to  reclaim, 
maintain  or  expand  market  shares  these  end  users  must  seek  out  least 
cost  supply  alternatives  which  are  clearly,  in  the  case  of  optics, 
located  in  the  developing  economies  of  the  Far  East.  In  addition, 
newly  industrializing  countries  such  as  Taiwan  and  Singapore 
encourage  companies  to  locate  in  their  countries,  offering  tax 
holidays  (up  to  ten  years  in  the  case  of  Singapore)  and  other 
incentives  to  attract  them.  Moreover,  Japans  wage  scale  has 
increased  to  near  parity  with  the  United  States  making  Japan  much 
less  attractive  from  a  cost  standpoint  for  the  production  of 
standard  type  optical  elements. 
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Associated  with  these  conditions,  it  also  appears  the  U.S. 
market  is  saturated.  As  evidence  of  this,  optical  element  imports 
peaked  at  280.8  million  units  in  1985  after  years  of  solid  growth. 
This  could  further  motivate  foreign  (and  domestic)  producers  to  find 
lower  cost  production  alternatives  needed  to  either  maintain  or 
expand  their  market  shares.  Thus  the  on-going  exodus  of  optics 
production  capacity  from  high  cost  industrialized  countries 
(especially  from  Japan)  to  low  cost  countries  in  the  Far  East  should 
continue.  Not  surprisingly,  many  recently  constructed  Far  East 
manufacturing  facilities  are  owned  by  Japanese.  European  and 
Amer i can  f i rms . 

In  this  rapidly  changing  environment.  Japanese  firms  are 
rethinking  their  long  term  optics  strategy.  We  expect  some  Japanese 
firms  to  increase  the  sophistication  of  their  domestic  production 
capabilities  and  challenge  American  firms  in  the  high  value  end  of 
the  market  in  the  near  future.  This  strategy  may  include  opening  or 
purchasing  some  plants  in  the  United  States.  Recently  a  Japanese 
concern  purchased  Pyramid  Optical  Company,  perhaps  motivated  by  the 
opportunity  to  acquire  technology.  Pyramid  had  developed  a  unique 
processing  capability  to  produce  high  precision  retro-reflectors 
(pyramid  shaped  optics  used  in  communication  satellites  to  return 
light  signals  to  precise  locations)  at  low  cost.  Furthermore, 
continued  investment  in  lower  cost  production  facilities  in  less 
developed  countries  could  help  Japanese  firms  maintain  a  presence  in 
lower  valued  standard  optical  markets. 

2.6.4  Investment 

Investment  in  new  plant  and  equipment  by  the  nine  precision 
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optics  firms  varied  over  the  1981-1985  period,  as  shown  in  the  table 
below.  Total  aggregated  investment  spending  was  at  its  highest  in 
1981,  at  over  $13.2  million.  This  total  dropped  slightly  in  1982  to 
$11.8  million,  and  then  fell  dramatically  by  52  percent  in  1983  due 
to  poor  industry  performance  that  year.  Investments  improved 
somewhat  from  this  depressed  level  in  1984,  reaching  $7.8  million. 
The  upward  trend  continued  in  1985,  with  investment  at  $9  million. 
Indications  from  the  firms  are  that  current  levels  of  investment 


will  be  maintained  over  the  next  two  to  three  years. 

INVESTMENT  SPENDING 
(In  Thousands  of  Dollars) 


I nves  tmen  t 

1981 

1982 

1983 

1984 

1985 

In  Plant 

In  Mach i ner y/Equ i pmen t 

$4,644 

8,589 

$4,597 

7,219 

$  883 
4,783 

$  850 
6,923 

$2,146 

$6,855 

Total 

$13,233 

$11 ,816 

$5,666 

$7,773 

$9,001 

Investment  in  machinery  and 

equ i pmen  t 

accounts 

for  the 

bulk  of 

total  investment,  running  at  about  75  percent  in  1985.  The  two 
broad  categories  of  investment  (in  plant  and  in  machinery/equipment) 
followed  the  same  pattern  over  the  period.  Plant  investment, 
however,  is  much  less  consistent  than  investment  in  machinery,  as  it 
tends  to  occur  in  large,  intermittent  blocks  rather  than  evenly 
distributed  over  time.  Both  investment  categories  attained  their 
highest  level  in  1981  before  a  sharp  drop,  followed  by  a  partial 
recovery  in  the  last  two  years.  This  recent  increase,  however,  did 
not  bring  investment  back  to  the  high  levels  of  the  early  1980's. 
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Firms  have  invested  heavily  in  recent  years  in  an  attempt  to 
reduce  nigh  costs  and  survive  in  tne  face  of  stiff  foreign 
competition.  For  example,  most  firms  are  investing  in  new, 
sophisticated  machinery  (such  as  diamond  point  turning  machines,  and 
high-speed  polishers  and  coaters)  that  reduce  labor  needs,  shorten 
equipment  set-up  times  and  lower  scrap  rates,  thereby  increasing 
overall  productivity.  Semi-automatic  manufacturing  processes, 
statistical  process  controls,  and  cost  accounting  systems  are  also 
being  installed.  Some  firms  are  attempting  to  reduce  unit  overhead 
and  general  accounting  costs  by  expanding  operations  that  spread 
fixed  costs  over  greater  production.  These  actions  involve 
investment  in  both  new  plant  and  equipment.  Others  are  diversifying 
their  product  mixes,  and  at  least  two  firms  are  planning  additional 
investment  in  their  own  Far  East  operations  to  capitalize  on  low 
production  costs  there. 

2.6.5  I nventor i es 

Inventory  policy  is  highly  variable  from  firm  to  firm.  Several 
firms  maintain  little  inventory  of  supplies  and  materials  used  to 
manufacture  optics.  These  firms  operate  on  a  job  by  job  basis, 
ordering  necessary  materials  only  after  receipt  of  a  customer's 
order.  Other  firms  maintain  larger  inventories.  The  weighted 
average  of  inventory  size  (in  days  supply)  across  all  firms 
(including  those  who  said  they  had  none)  was  119  days  for  optical 
glass.  88  for  filter  glass,  and  40  days  for  infrared  materials.  The 
lengthy  on-hand  supply  of  optical  glass  is  partly  a  safety  measure 
because  there  is  only  one  remaining  domestic  source  of  supply,  which 
raises  concerns  about  the  material's  availability.  However,  minimum 
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purchase  quantities  and  associated  price  discounts  are  also 
important  influences  in  maintaining  inventory  levels. 

Among  the  optical  materials  firms,  most  held  no  inventory  at  all 
for  the  selected  materials  listed  in  the  Department  of  Commerce 
survey.  Of  those  that  did.  a  one  to  three  month  supply  of  materials 
(e.g..  hydrogen  sulfide,  zinc,  hydrogen  selenide)  was  average. 
Factors  which  influenced  inventory  policy  included  limited 
availability  of  some  materials  (inventory  needed  to  compensate  for 
long  lead  times),  minimum  purchase  quantities,  and  price  breaks  for 
larger  purchases.  in  the  future,  inventory  levels  may  increase 
because  of  the  deteriorating  availability  and  expanding  lead  times 
for  raw  materials. 

2.6.6  Research  &  Development 

A  related  and  perhaps  more  important  area  of  spending  than 
direct  investment  is  research  and  development  (R&D).  All  but  two 
smaller  firms  reported  the  expenditure  of  at  least  some  money  trying 
to  develop  new  materials,  processes  or  products  related  to  precision 
optics  manufacture.  The  amount  spent  on  R&D  over  the  past  five 
years  is  as  fol lows . 


R&D  Expend i tures 


(in  thousands  of  dollars) 

1981  $3,663 

1982  3,564 

1983  3,676 

1984  3.612 

1985  3,829 


The  aggregate  R&D  amount  is  remarkably  consistent  from  year  to 
year,  at  around  $3.6  million.  (These  amounts  should  be  viewed  with 
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caution  as  they  are  based  on  a  small  sample.  Moreover,  one  large 
firm  accounts  for  most  of  tne  R&D  expenditures.)  Most  of  the 
expenditures  are  devoted  to  process  and  equipment  development,  with 
a  smaller  portion  allocated  to  product  development  and  materials 
research . 

Several  firms  mentioned  finished  lens  molding  techniques  as 
desirable  to  acquire.  Also  mentioned  by  the  firms  were  development 
of  machines  and  equipment  to  increase  manufacturing  productivity, 
development  of  more  sophisticated  coating  technologies,  and  research 
in  aspheric  lens  production.  Several  firms  also  use  R&D 
expenditures  to  develop  prototypes  for  customers.  In  many  cases, 
the  optical  firm  that  develops  the  prototype  may  also  be  contracted 
to  produce  the  element.  However,  if  production  volumes  are  large, 
the  end  user  may  designate  a  foreign  concern  to  mass  produce  the 
components  to  save  costs. 

In  a  broader  context,  the  United  States  may  be  gradually  falling 
behind  in  optical  research  and  technology  development  and  losing  the 
initiative  to  the  Japanese.  The  U.S.  has  led  the  world  in  creating 
optics  technology  and  establishing  optical  production  capabilities 
since  seizing  the  initiative  from  the  Germans  in  the  aftermath  of 
World  War  II.  When  lasers  began  entering  the  market  place  in  large 
numbers  about  1970.  R&D  efforts  by  U.S.  industry  were  given  new 
life.  However,  this  upsurge  was  temporary.  U.S.  R&D  spending  has 
suffered  greatly  in  the  last  decade  because  of  massive  foreign 
encroachment  into  the  U.S.  market  and  a  decline  in  U.S.  Government 
involvement.  Japanese  firms  are  currently  funding  more  optics 
research  in  American  universities  than  is  U.S.  industry.  The 


technologies  developed  through  these  programs  will  most  likely  be 
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transferred  offshore  and  eventually  be  translated  into  competitive 
advantages  for  the  Japanese. 

2.6.7  Profitability 

The  table  below  presents  profitability  information  for  the  nine 
precision  optics  participants  in  the  Commerce  Department  survey.  It 
should  be  kept  in  mind  that  these  figures  are  estimates.  Several 
surveyed  plants  produce  optics  solely  for  internal  consumption  by 
other  divisions  of  the  same  firm.  These  firms  operate  as  "cost 
centers"  and  thus  have  no  profitability  data  available.  We 
estimated  the  overall  industry  profitability  based  on  five  valid 
survey  responses. 


PROFITABILITY 
(In  Thousands  of  Dollars) 


1981 

1982 

1983 

1984 

1985 

Net  Sales 

Cost  of  Goods  Sold 
Gross  Prof i t 

Net  Income 

$36,460 

29.350 

7.146 

984 

$44,904 

36.058 

8.801 

539 

$43,780 

33,360 

10.463 

2,145 

$50,042 

37.782 

12.310 

3.503 

$51 .146 
37,848 
13,349 
4.347 

Net  Income/Sales 

2.7% 

1  . 2% 

4.9% 

7.0% 

8.5% 

As  can  be  seen  from  the  table,  both  gross  profits  and  net  income 
have  increased  over  the  period,  except  for  a  dip  in  net  income  in 
1982.  Profits  have  increased  consistently  despite  fluctuations  in 
shipment  levels  and  in  the  face  of  foreign  competition.  This  has 
been  possible  because  of  efforts  by  the  firms  to  specialize  in 
higher  priced  goods  which  elevate  dollar  sales.  Furthermore,  firms 
have  been  able  to  maintain  increasing  profit  levels  because  of 
numerous  actions  they  have  taken  to  reduce  overhead  and  production 
costs  such  as  investing  in  more  productive  equipment,  importing 
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supplies  and  finished  goods  from  overseas,  and  instituting 
productivity  enhancing  manufacturing  techniques. 

2.6.8  Plant  C I  os i ngs 

Because  of  foreign  competitive  pressures  many  precision  optics 
manufacturing  plants  have  closed,  reduced  optical  operations  or 
switched  production  to  more  profitable  products  during  the  last 
decade.  The  result  has  been  a  major  reduction  in  the  size  of  the 
industry  and  its  almost  complete  displacement  from  the  larger  volume 
optical  production  categories  by  foreign  competitors. 

Rochester.  New  York,  the  long  time  center  of  the  optics 
industry,  saw  the  closing  of  several  plants  including  ilex  (visible 
and  near  infrared  elements),  Wallensach  (lenses),  and  Bausch  and 
Lomb  (optical  glass  melting).  Also.  Eastman  Kodak,  a  major  element 
producer  in  Rochester,  has  dramatically  reduced  operations  in  recent 
years . 

Re i cher t-Jung  (formerly  American  Optical),  the  last  full  line 
scientific  instrument  producer  remaining  in  the  United  States,  shut 
down  its  Keene,  New  Hampshire  facility  in  a  consolidation  move  to 
improve  production  efficiency.  Weaver,  a  Texas  firm  that  produced 
elements  for  rifle  scopes,  went  out  of  business  several  years  ago. 
And  most  recently  (in  early  1987)  J.  L.  Long  of  California  (night 
vision  optics)  closed  its  doors  because  of  insufficient  business 
with  few  prospects  for  improvement. 

Additional  information  on  plant  closings  was  obtained  from 
respondents  to  the  Department  of  Commerce  industry  survey.  Because 
of  unprofitable  operations.  Herron  Optical  Company,  in  Long  Beach. 
California  was  sold  by  one  of  the  surveyed  firms  after  more  than  20 
years  of  successful  operation.  The  new  owner  has  since  shut  the 


44 


facility  down.  A  plant  in  Durango.  Colorado  that  supplied  elements 
for  rifle  scopes  was  closed  in  1982  because  the  end-user  placed  95 
percent  of  its  optics  orders  in  foreign  countries.  Another  firm 
consolidated  its  operations  in  1983  by  closing  a  facility  in  Dallas. 
Texas . 

The  Federal  Government  was  also  involved  in  a  plant  closing.  In 
1977.  the  Department  of  Defense  closed  down  the  Frankford  Arsenal  in 
Philadelphia  for  budgetary  reasons.  The  Frankford  Arsenal  played  a 
leading  role  in  supplying  optics  to  the  military  during  World  War 
II.  when  its  work  force  swelled  to  about  19.000.  In  the  30  years 
following  the  War,  the  Arsenal  was  central  to  advances  in  all 
aspects  of  optical  research  including  optical  manufacturing 
technology,  materials  research  and  product  development.  Frankford 
made  prototypes  that  were  later  contracted  commercially  for 
production,  establishing  new  capabilities  within  private  firms.  The 
facility  also  manufactured  low  volume  optics  that  private  concerns 
were  not  interested  in  or  could  not  produce  profitably.  Moreover, 
the  Arsenal  was  a  training  ground  for  opticians,  affording  them 
hands-on  experience  which  was  transferable  to  industry. 


45 


2.7  SOURCES  OF  SUPPLY 


The  optics  industry  is  becoming  less  integrated  at  the  plant 
level  as  foreign  competitive  pressures  have  led  many  firms  to 
subcontract  out  certain  costly  operations  which  can  no  longer  be 
justified  in-house  or  can  be  done  more  cheaply  by  either  foreign  or 
more  specialized  domestic  firms.  These  same  pressures  have  greatly 
expanded  foreign  sourcing  and  have  increased  foreign  dependencies  in 
recent  years  at  all  levels  of  optics  production. 

2.7.1  Subcon  tract  i  ng 

All  but  one  of  the  ten  plants  surveyed  utilized  at  least  one 
subcontractor,  domestic  or  foreign,  in  some  aspect  of  their 
operations.  All  types  of  optical  element  products  (lenses,  flats, 
reticles,  aspherics.  prisms)  as  well  as  the  process  of  coating  were 
subcontracted  out.  The  most  frequently  subcontracted  operation  was 
coating,  which  five  out  of  the  ten  surveyed  plants  used  for  at  least 
part  of  their  coating  needs.  The  range  of  subcontractor  use  for 
coating  was  5  percent  to  100  percent.  The  main  reason  for  using 
subcontractors  for  this  specialized  process  was  because  the 
equipment  is  very  expensive,  making  an  in-house  capability  in  low 
volume  shops  difficult  to  justify.  Other  frequently  subcontracted 
i terns  were  reticles  (4  out  of  10  firms),  flats  (4  out  of  10).  lenses 
(4  out  of  10).  and  aspherics  (2  out  of  10).  The  main  reasons  given 
for  subcontracting  these  items  were:  (1)  volume  too  small  to  be  cost 
effective.  (2)  to  take  advantage  of  lower  cost  producers  offshore, 
and  (3)  lack  of  in-house  design  and/or  equipment  capability. 

Overall,  the  trend  toward  subcontracting  has  increased  over 
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the  industry  survey  period  (1981-85),  and  the  firms  expect  this 
trend  to  continue  in  the  future.  Especially  important  will  be  the 
trend  in  shifting  of  domestic  production  of  commercial  quality 
optics  to  lower  cost  foreign  producers,  such  as  those  in  the  Far 
East. 

2.7.2  Supply  Disruptions 

Most  plants  (8  out  of  10)  reported  that  they  had  experienced 
shortages  and/or  long  lead  times  in  obtaining  necessary  materials 
and  equipment  that  disrupted  their  operations.  Of  particular 
concern  is  the  availability  of  optical  glass,  which  is  currently 
limited  to  one  domestic  producer.  Infrared  materials,  although 
produced  hy  several  sources,  is  a  long  lead  time  item,  as  are 
various  imported  machines  and  equipment  used  in  the  optic-making 
process  (including  coating  equipment,  polishing  machinery,  and 
micro-optics  production  equipment).  These  availability  problems  are 
expected  to  continue  in  the  future.  Also  in  the  future,  at  least 
one  respondent  foresaw  a  problem  in  the  availability  of  skilled 
I  abor  . 

Among  optical  materials  manufacturers,  long  lead  time  items 
included  Germanium  metal  (12  to  18  months)  and  crystal  growers  for 
producing  special  optical  materials.  Moreover,  several  firms 
mentioned  that  there  is  only  one  source  for  hydrogen  sulfide  and 
hydrogen  selenide  gases  used  in  the  glass  making  process.  A  growing 
concern,  especially  in  the  event  of  a  national  emergency,  is  the 
availability  of  a  whole  range  of  imported  raw  materials  used  as 
blending  agents  in  a  wide  variety  of  glasses.  Schott  Glass 
Technologies  maintains  the  critical  capability  to  formulate 
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substitute  glasses  using  available  blending  materials  should 
imported  materials  be  cut  off.  However,  this  highly  specialized 
capability  is  at  risk  in  the  current  environment.  Should  Schott 
shut  down,  domestic  defense  optical  production  capabilities  would  be 
substantially  reduced. 

2.7.3  Foreign  Dependency 

Most  optical  and  optical  material  companies  are  reliant  on 
imports  to  some  degree.  Overall,  firms  used  an  average  of  32 
percent  imported  optical  and  filter  glass  in  their  production,  while 
41  percent  of  infrared  material  was  imported.  If  materials  used  for 
making  "unground"  molded  glass  lenses  (a  process  that  eliminates  the 
grinding  and  polishing  production  operations)  are  included,  the 
percentage  of  imported  optical  glass  used  jumps  to  almost  70  percent. 

The  primary  foreign  suppliers  of  optical  glass  are  Japan  (Hoy a 
and  Ohara)  and  West  Germany  (Schott).  All  firms  that  purchased  raw 
optical  glass  (rather  than  pressings)  used  some  imported  bulk  glass 
from  one  or  more  of  these  sources,  and  did  so  because  a  domestic 
source  was  not  available  or  was  inadequate.  Infrared  raw  materials 
were  imported  by  ail  four  domestic  firms  competing  in  the  infrared 
optics  market,  mainly  from  Europe  (France.  West  Germany  and 
Belgium).  The  reasons  given  for  importing  were  price  and  lack  of 
adequate  domestic  sources. 

Machinery,  equipment  and  tools  used  in  optics  production  were  by 
far  the  most  common  items  mentioned  as  being  produced  offshore.  The 
main  sources  of  these  items  (including  diamond  tools,  generators, 
polishers,  grinders,  prof i I ome te r s ,  etc.)  were  Japan,  West  Germany. 
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and  England.  Reasons  given  by  respondents  for  utilizing  imported 
equipment  were  better  quality  and  inadequate  domestic  supply. 

Another  i tern  men t i oned  by  several  firms  was  polishing 
compound,  imported  from  France.  Lastly,  two  firms  listed  imported 
finished  optics  —  lenses  and  prisms  —  purchased  from  Taiwan, 

Japan,  and  Singapore.  As  might  be  expected,  the  primary  reason  for 
importing  these  items  was  their  lower  cost. 

All  optical  materials  suppliers  import  a  wide  range  of  metals 
and  oxides.  For  metals,  imports  ranged  from  a  low  of  40  percent  to 
a  high  of  100  percent  for  individual  firms.  The  reasons  given  for 
using  imported  metals  were  lower  prices  and  availability.  The  most 
common  item  mentioned  was  Selenium  metal,  imported  from  Japan. 

Other  examples  are  Lanthanum  Oxide  from  France,  and  Barium  Nitrate 
from  the  Peoples  Republic  of  China. 

In  general,  imports  are  used  because  of  availability 
(4  mentions),  price  (3  mentions)  and  sole  source  (3  mentions). 
Several  precision  optics  firms  have  set  up  subsidiaries/affiliates 
in  the  Far  East  in  an  attempt  to  reduce  costs  and  increase 
competitiveness.  Other  firms  do  not  have  formal  arrangements,  but 
rely  on  imports  from  these  countries  to  rsduce  their  costs.  Half  of 
the  optical  materials  respondents  had  affiliates  overseas,  all  in 
Europe . 
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2.8  INDUSTRY  COMPETITIVENESS 


2.8.1  International  Competitive  Comparisons 

The  surveyed  firms  were  asked  to  compare  various  competitive 
factors  between  optics  industries  in  the  United  States  and  other 
leading  countries.  In  both  the  precision  optics  and  optical 
material  sectors.  U.S.  firms  rated  themselves  most  competitive  in 
the  technology  area  (engineering,  design  and  quality)  and  least 
competitive  in  costs  and  prices.  The  Far  East  was  rated  just  the 
opposite,  as  most  competitive  in  costs  and  least  competitive  in 
technical  capabilities.  European  firms  were  not  viewed  as  a 
competitive  problem. 

The  technical  capabilities  of  Japan  are  increasing  but  currently 
estimated  to  be  about  80  to  90  percent  of  those  of  U.S.  producers. 
Singapore's  comparative  capabilities  were  rated  at  about  60  percent, 
and  Mainland  China's  at  only  about  35  percent.  Western  European 
producers  are  considered  roughly  equivalent  to  U.S.  firms  in 
technical  capabilities. 

Wage  scales  in  the  Far  East  are  much  lower  than  in  either  the 
United  States  or  Europe.  About  70  to  75  percent  of  the  total  cost 
of  optical  element  production  is  "people  cost".  This  is  an 
extraordinarily  high  percentage  compared  with  most  other 
manufacturing  industries  and  underlies  the  massive  displacement  of 
both  American  and  European  producers  from  the  high  volume  optical 
markets  in  the  last  decade  by  Far  East  producers. 

Hourly  wage  scales  by  country  in  1985  were  approximately  as 
follows:  United  States,  $8.00:  Japan,  $6.00:  Singapore,  $2.20: 

Taiwan.  $2.00;  Korea.  $1.80;  India.  $.65;  and  Mainland  China,  $.15. 
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However,  other  factors  besides  low  labor  rates  can  also 
influence  the  competitive  position  of  these  countries  and  the 
markets  they  compete  in.  The  work  ethic  may  not  be  as  great  in 
countries  like  Singapore  and  China  as  it  is  in  Japan  and  the  United 
States.  Also,  management  and  supervision  may  not  be  as  adept  which 
affects  both  production  efficiency  and  the  quality  of  finished 
products.  Moreover,  very  low  wage  rates  make  it  harder  to  justify 
investment  in  sophisticated  equipment.  It  is,  therefore,  difficult 
to  envision  these  countries  challenging  the  U.S.  in  the  high  end  of 
the  market  in  the  near  future.  On  balance,  however,  the  low  labor 
rates  enable  these  countries  to  make  standard  type  optical 
components  from  one  half  to  one  third  the  cost  of  equivalent 
American  made  products. 

As  for  the  material  producers,  the  U.S.  infrared  material 
producers  are  competitive  with  any  producers  in  the  world.  Far  East 
producers  have  not  ente'ed  the  infrared  market  as  yet. 

However,  several  competitive  problems  exist  in  the  optical  glass 
and  preform  markets.  An  estimated  400  to  500  optical  glass  blends 
are  in  use.  Schott  Glass  Technologies  has  the  capability  to  produce 
all  of  these  which  is  an  enormous  competitive  strength.  However, 
only  about  18  percent  of  these  blends  constitute  90  percent  of  total 
world-wide  consumption.  Schott  has  largely  been  eliminated  from 
these  higher  volume  markets  by  Hoya  and  Ohara  of  Japan,  which  do  not 
produce  as  many  types  of  glass,  preferring  to  concentrate  their 
efforts  on  the  high  volume  types. 

The  following  tables  show  the  surveyed  firms  aggregated  estimates 
comparing  the  listed  competitive  factors  between  leading  countries. 
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PRECISION  OPTICS  INDUSTRY 


Competitive  Factor  Un i ted  States  Japan  West  Germany  Singapore 


Price  3 

Quality  1 

Input  costs: 

labor  4 

capital  3 

optical  materials  3 

other  (specify)  3 

Delivery  (lead  time)  1 

Fo I  I ow-up  service  1 

Des i gn  capab i I i ty  1 

Engineering  capability  1 

Customer  satisfaction  1 

Trade  barriers  5 

Government  supports  4 


2 

3 

2 

1 

1 

1 

2 

2 

3 

3 

2 

3 

1 


4 

2 

3 

2 

2 

3 

3 

3 

2 

2 

2 

2 

3 


1 

4 

1 

4 

4 

2 

4 

4 

4 

4 

3 

4 
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OPTICAL  MATERIALS  INDUSTRY 


Compet i t i ve  Factor 

Un i ted  States 

Japan 

West  Germany 

Belgium 

Pr  i  ce 

3 

2 

4 

1 

Qua  1  i  ty 

1 

3 

4 

2 

Input  costs: 

1  abor 

2 

1 

1 

1 

cap i ta l 

3 

2 

2 

1 

other  ( spec i f y  ) 

3 

2 

1 

De 1 i very  ( 1 ead  time) 

1 

2 

2 

2 

Fo 1  low-up  serv  i  ce 

1 

2 

2 

2 

Research  capab  i  1  i  ty 

2 

1 

3 

4 

Customer  satisfaction 

2 

3 

4 

1 

Trade  bar  r i ers 

3 

1 

1 

2 

Government  supports 

3 

1 

2 

4 

Note : 


One  means  most  competitive,  five  means 


eas  t  compet i t i ve 


2.8.2  Competitive  Prospects 

in  the  industry  surveys  the  companies  were  asked  to  comment  on 
their  competitive  prospects  over  the  next  five  years.  On  balance 
the  optical  element  producers  view  their  prospects  as  improving 
somewhat.  In  the  last  ten  years  most  of  the  firms  have  reoriented 
their  production  into  the  higher  value  precision  optical  categories 
which  are  less  impacted  by  foreign  competition.  This  reorientation 
is  evidenced  by  their  stepped-up  purchases  of  sophisticated 
proauction  and  testing  equipment  in  recent  years.  In  addition, 
profits  have  improved  for  several  companies  as  they  have  taken 
actions  to  red‘jc?  overhead  anu  production  costs.  These  actions 
include  establishing  lower  cost  foreign  facilities  to  provide 
unfinished  parts  as  well  as  using  greater  amounts  of  lower  cost 
imported  equipment  and  raw  mater i a  I s . 

Two  firms  see  their  competitive  prospects  as  improving  greatly, 
one  because  of  rapid  growth  in  its  commercial  markets  (laser 
printers)  and  the  other  because  of  investments  in  improved,  more 
efficient  manufacturing  equipment  and  procedures.  (Note:  Domestic 
laser  printer  producers  are  currently  losing  market  share  to  foreign 
supp I i er s . ) 

One  optical  element  producer  indicated  with  some  caution  that 
its  competitive  prospects  would  stay  about  the  same  and  another  said 
its  prospects  would  decline.  The  former  noted  that  technology  is 
being  transferred  to  the  Far  East,  in  part  because  of  offshore 
procurement  by  the  U.S.  Government.  The  other  firm  stated  the 
technology  capabilities  in  all  countries  are  gaining  on  the  U.S. 

This  firm  noted  that  technical  capabilities  have  been  our  major 
competitive  strength,  but  could  be  undermined  in  the  near  future  as 
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additional  foreign  firms  seek  to  participate  in  the  higher  end  of 
the  market . 

Among  the  optical  material  producers  the  competitive  outlook  is 
mixed.  The  infrared  material  market  looks  the  most  promising.  Two 
of  the  infrared  firms  said  their  prospects  will  improve  greatly  in 
the  next  five  years.  One  of  these  cited  its  involvement  in  new 
advanced  materials  research  that  will  lead  to  new  products.  The 
other  recently  formed  a  joint  venture  with  a  foreign  firm  that  will 
allow  market  growth  ut i  I  i z ing  domes t ic  product  ion  capac i ty .  Another 
firm  in  the  infrared  material  market  reported  competitive  prospects 
would  improve  somewhat,  depending  on  currency  exchange  fluctuations, 
while  a  fourth  competitor  in  this  market  said  prospects  would  stay 
about  the  same.  One  firm  noted  that  infrared  raw  material  costs  are 
lower  in  the  United  States  than  in  Europe  which  gives  U.S.  firms  a 
s I ight  advantage . 

The  optical  glass  sector  presents  an  entirely  different 
picture  One  glass  meiter  permanently  shut  down  its  plant  in  1986 
because  low  volume  production  could  not  justify  accepting  continued 
losses.  The  competitive  prospects  for  the  one  remaining  glass 
meiter  and  the  one  remaining  glass  preform  producer  are  not  good. 
These  firms  have  been  priced  out  of  the  high  volume  optical  glass 
markets  which  are  critical  to  efficient  operations.  The  uncertainty 
of  U.S.  Government  funding  for  various  programs  ano  the  continued 
(alleged)  predatory  pricing  practices  of  Japanese  firms  jeopardize 
the  survival  of  these  firms. 
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2.8.3  Offset  Agreements 

An  area  of  limited  but  growing  concern  to  optical  element  and 
optical  material  producers  was  the  increasing  demand  for  offsets  by 
foreign  governments  when  purchasing  U.S.  defense  and  related 
equipment.  Offsets  are  defined  as  a  range  of  industrial  and 
commercial  compensation  practices  mandated,  directly  or  indirectly, 
by  a  purchasing  government  or  company.  Offset  agreements  include 
coproduction,  licensed  production,  subcontractor  production, 
overseas  investment,  investment  and  countertrade. 

Two  precision  optics  producers  cited  specific  examples  of  lost 
element  sales  due  to  offset  agreements  between  the  United  States  and 
the  Governments  of  Canada  and  Switzerland  for  anti-tank  and 
a  i  r-to-gro  j"*'  missiles.  I  r.  both  cases,  the  U.S.  optics  producer  is 
the  supplier  of  optical  elements  for  Defense  Department  consumption 
in  these  particular  missiles.  However,  as  part  of  the  offset 
agreement,  both  U.S.  producers  found  their  elements  displaced  by 
Swiss  and  Canadian  produced-opt i ca I  elements. 

Similarly,  three  optical  material  suppliers  surveyed  complained 
that  offset  agreements  were  indirectly  affecting  them  by  taking  away 
business  from  their  customer  base  (precision  optics  firm)  which  in 
turn  reduced  the  sales  of  these  three  firms.  Instead,  raw  material 
needs  were  being  supplied  by  local  country  material  suppliers 
directly  to  the  local  country  optical  producers. 

With  the  commercial  optical  base  already  severely  eroded,  offset 
agreements  involving  defense  precision  optics  serve  to  further 
aggravate  an  already  deteriorating  situation.  Moreover,  the 
technologies  and  production  capabilities  involved  in  these  offsets 
are  transferred  to  foreign  firms  which  can  negatively  impact 
long-term  U.S.  competitiveness. 
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2.8.4  Actions  Companies  Have  Taken  to  Increase  Competitiveness 

The  optical  element  firms  have  responded  to  international 
competitive  pressures  by  investing  in  automation  and  other  more 
productive  equipment.  They  have  also  reduced  overhead,  increased 
the  skill  level  of  their  work  force,  enhanced  their  production 
capabilities  and  consolidated  certain  operations.  In  addition, 
several  firms  have  established  foreign  subsidiaries  in  the  Far  East 
to  take  advantage  of  prevailing  lower  labor  rates  in  that  area.  The 
result  of  these  on  going  actions  has  been  a  shift  by  the  industry 
into  the  more  sophisticated  end  of  the  optical  element  market,  the 
avoidance  of  head-to-head  competition  with  foreign  competitors,  and 
in  a  leaner,  more  versatile  group  of  companies. 

As  mentioned  in  Laser  Focus  magazine  in  its  November  1986  issue, 
the  companies  are  finding  ways  to  survive.  The  "ingredients  for 
success"  suggested  in  that  article  include:  (1)  offer  high-quality 
products  that  imports  do  not  compete  with,  (2)  provide  fast, 
dependable  service  so  as  not  to  delay  customer's  important  projects. 
(3)  manufacture  as  efficiently  as  possible  using  automated  equipment 
and  computer  assisted  manufacturing  processes,  (4)  find  a  "niche" 
and  become  the  best  at  what  you  do,  and  (5)  work  hard,  persevere, 
and  be  lucky. 

The  surveyed  optical  element  producers  appear  to  be  responding 
in  these  areas.  However,  perhaps  the  larger  and  more  ominous 
problem  for  the  industry  is  the  continuing  and  massive  migration 
offshore  of  end  markets,  such  as  cameras,  microscopes  and  telescopes 
that  contain  optical  elements.  U.S.  firms  may  not  even  get  an 
opportunity  to  bid  on  orders,  once  they  move  offshore. 
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The  optica!  material  companies  have  stepped  up  research  to 
develop  new  products,  imported  basic  material  in  an  effort  to  lower 
costs  and  formed  joint  ventures  to  acquire  technology.  Schott  Glass 
Technologies  independently  developed  a  unique  capability  to 
continuously  produce  glass  types  which  heretofore  could  only  be 
melted  d i scon t i nuous I y . 

2.8.5  U.S.  Government  Actions  To  Improve  Industry's 
Compe  t i t i veness 

Seven  out  of  the  ten  optics  plants  surveyed  believe  that  U.S. 
c.r'uo -  nrT-a-i  t  support  is  necessary  to  improve  their  competitive 
position.  They  believe  that  the  present  international  optics  market 
is  biased  in  favor  of  foreign  firms,  particularly  those  in  Japan, 
because  of  unfair  trade  practices,  and  strong  foreign  government 
supports,  combined  with  a  perceived  lack  of  concern  by  the  U.S. 

Gover  nmen  t . 

Most  precision  optics  firms  support  implementation  of  a  Federal 
Acquisition  Regulation  requiring  use  of  domestically  produced  optics 
in  military  applications.  It  is  thought  that  a  FAR  will  do  much  to 
preserve  the  domestic  optics  base  and  reduce  dependency  on  foreign 
suppliers.  Other  Government  actions  or  support  programs  suggested 
include:  reforming  the  tax  code  to  encourage  investment  in  new 

equipment  and  R8D .  revision  of  U.S.  trade  laws,  adopting  retaliatory 
trade  practices,  and  funding  training  programs  for  opticians  and 
other  necessary  personnel. 

Also,  most  firms  believe  that  DoD  modernization  programs  (IMIP, 
Tech  Mod.  etc.)  could  be  very  beneficial  to  the  optics  industry, 
although  many  were  unaware  that  these  programs  existed. 


57 


2.8.6  Age  of  Equipment 

The  age  of  equipment  may  have  a  bearing  on  the  competitiveness 
of  U.S.  firms  because  as  it  ages  it  may  become  both  technically 
obsolete  and  more  difficult  to  maintain.  In  the  survey  we  asked  the 
companies  to  identify  the  numbers  and  ages  of  selected  equipment  and 
followed  this  up  with  a  discussion  with  several  firms. 

Survey  results  show  that  74  percent  of  the  capital  equipment 
used  to  produce  optical  elements  is  ten  or  more  years  old,  and  44 
percent  is  more  than  20  years  old.  Japanese  equipment  of  the  same 
types,  for  comparison  purposes,  is  believed  to  be  somewhat  younger 
than  American  equipment.  Although  new  high  speed  grinding  and 
polishing  machinery  could  substantially  increase  productivity,  firms 
would  encounter  delays  both  in  their  actual  use  and  in  added  start 
up  costs  associated  with  retraining  employees  currently  accustomed 
to  older  equipment.  However,  it  is  estimated  that  this  new 
equipment,  once  in  full  operation,  could  increase  industry's 
productivity  by  as  much  as  50  percent. 

In  general,  the  average  life  of  machines  (polishing,  grinding) 
can  be  as  long  as  30  or  35  years,  depending  on  maintenance  and  spare 
part  availability.  Producers  noted  that  older  equipment  could  be  a 
constraint  during  a  surge  or  mobilization  because  it  may  break  down 
more  frequently  and  spare  parts  are  often  more  difficult  to  obtain. 
Expanded  production  in  a  surge  or  mobilization  using  older  equipment 
would  require  more  labor  than  would  be  needed  with  newer  equipment. 
This  could  be  an  additional  problem  with  the  expected  shortage  of 
opticians  as  well  as  other  critical  occupations. 
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Older  machinery  that  runs  at  slower  speeds  may  have  advantages 
over  high  speed  equipment  in  low  volume  production.  However,  newer 
equipment  with  computer  assisted  tooling  adjustments  and  production 
monitoring  have  made  much  of  this  older  equipment  technically 
obsolete.  At  the  same  time,  newer  equipment  is  expensive  and  it  may 
be  difficult  for  many  optics  firms  to  justify  the  expenditure  in  the 
current  uncertain  economic  environment. 

However,  some  firms  are  actively  replacing  older  equipment.  One 
producer  reported  a  $500,000  budget  for  new  high  speed  equipment. 
This  same  producer  also  has  constructed  specialized  mach'-sry 
in-house  that  may  confer  unique  capabilities  and/or  provide  a 
competitive  "niche"  that  established  equipment  vendors  could  not  do 
economically.  However,  design  time  to  build  in-house  machines  can 
be  expensive.  While  most  firms  build  or  modify  some  of  their 
equipment  m-house  to  fill  special  needs,  only  a  few  producers  have 
the  genuine  capability  to  develop  or  build  their  own  equipment  from 
the  ground  up. 
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2.9  OTHER  FACTORS 


2.9.1  Strategic  Defense  Initiative  (SDI) 

During  the  '85  Army  review  of  Precision  Optics,  the  question 
arose  as  to  how  much  of  an  increase  in  requirements  for  optics  could 
be  expected  from  the  SDI.  Such  a  program  which  relies  heavily  on 
lasers  and  sensor  technology  will  be  a  significant  user  of  Optics. 

In  an  attempt  to  obtain  quantifiable  data,  visits  to  the  SDIO  were 
arranged.  Unfortunately,  because  deployment  of  any  SDI  system  is 
many  years  away  and  with  the  program  only  in  a  research  phase, 
quantities  of  required  Optics  could  not  be  identified  with  any 
significant  degree  of  confidence.  Therefore,  it  was  decided  not  to 
include  SDI  requirements  with  the  rest  of  DOD ' s .  but  to  recognize 
that  a  significant  increase  in  requirements  for  optics  would  occur 
if  SDI  deployment  takes  place. 

2.9.2  Advanced  Technology 

Since  one  of  the  key  ingredients  to  the  competitive  edge  of  the 
Far  East  producer  is  the  lower  pay  scale  for  labor,  the  obvious 
remedy  for  domestic  industry  is  to  automate  the  process  as  much  as 
possible.  Unfortunately,  since  optics  is  still  somewhat  in  the 
realm  of  a  "Black  Art",  automation  is  extremely  difficult.  The  1985 
Army  ( AMC )  report  describes  on-going  efforts  that  attempt  to  foster 
automation.  Other  advanced  technologies  such  as  molded  glass  are 
also  discussed. 

A  new  program  for  the  development  of  improved  optical 
performance  technical  resources  is  being  proposed  by  the  Defense 
Advance  Research  Projects  Agency  (DARI-  ).  its  objective  is  to 
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develop  the  technology  for  manufacture  of  high  performance  optical 
systems.  The  three  program  elements  are  design,  glass 
manufacturing,  and  component  surfacing.  Some  of  the  areas  being 
proposed  for  investigation  are  artificial  intelligence  aids  to 
design,  sol-gel  forming  of  glass,  and  plasma  or  ion  stream  finishing 
using  computer  controlled  machinery. 

The  bottom  line  is  that  the  industry  is  still  using  some  of 
the  same  basic  methods  developed  over  a  half  century  ago;  any 
radical  change  in  utilized  technology  is  many  years  away  from 
adoption,  primarily  due  to  declining  firm  profitability  which  limits 
the  firm's  ability  to  afford  new  technology  when  available. 
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3.  CONCLUSIONS  AND  RECOMMENDATIONS 


3  .  1  CONCLUSIONS 


The  following  seven  conclusions  can  be  drawn  based  on  the 
findings  of  the  JPOTG: 

a.  Without  the  bulk  of  DOD  procurements  the  domestic 
Precision  Optics  industry  will  continue  to  decline. 

b.  Based  on  current  trends,  foreign  producers  will  capture  an 
increasing  share  of  the  DOD  market 

c.  Further  reductions  in  domestic  production  capacity 
threaten  the  national  security. 

d.  Available  trade  and  economic  corrective  measures  have  not 
been  fully  investigated. 

e.  Domestic  producers  are  not  cost  competitive  with  the  low 
labor  rates  that  prevail  in  the  Far  East. 

f.  Shortages  of  trained  opticians  would  hinder  a  surge  or 
mob i  I  i za  t i on . 

g.  Additional  funds  from  the  Department  of  Defense  for  optics 
will  be  requ i red . 

The  domestic  Optical  Industry  has  declined  dramatically  in 
recent  years  because  of  foreign  competition  in  both  optical  elements 
and  element  end-markets.  The  resulting  deterioration  in  surge  and 
mobilization  capabilities  can  threaten  our  national  security. 
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3.2  RECOMMENDATIONS 


The  fact  that  this  study,  which  incorporates  the  requirements  of 
the  three  services,  has  reached  the  same  basic  conclusions  as  the 
'84  AD  HOC  and  the  85  Army  review,  affirms  that  action  is  needed  to 
reduce  the  continued  erosion  of  this  critical  industry.  Following  a 
review  of  many  options,  two  major  recommendations  were  chosen  as  the 
best  means  to  correct  the  national  security  problems  over  both  the 
short  and  long  term  for  the  Precision  Optics  and  Optical  Material 
I  ndus  tries. 

The  first  recommendation  is  the  implementation  of  a  Federal 
Acquisition  Regulation  (FAR)  clause.  The  scope  of  this  FAP  clause 
and  how  it  compares  to  earlier  proposals  can  be  found  in  the 
appendices.  The  short  term  benefits  are  that  it  will: 

1)  stop  the  incursion  of  foreign  producers  into  the  defense 
market 

2)  encourage  domestic  capital  investment  and  capacity 
expans i on 

3)  provide  incentives  for  technology  enhancement  and 
de  ve I oomen  t 

In  the  long  term,  the  FAR  clause  will  contribute  to  the 
restoration  of  a  viable  su r ge/mob i I i z a t i on  protection  base  and 
contribute  indirectly  to  the  re-establishment  of  the  commercial  base. 

Implementation  of  the  FAR  will  of  course  generate  some  negative 
factors,  but  this  must  be  considered  on  balance  with  the  national 
security  implications  of  losing  the  entire  optical  industry 
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production  base.  One  obvious  consequence  is  the  increase  in  cost 
for  domestic  optics.  Even  though  competition  within  the  U.S.  will 
help  reduce  this  burden,  domestic  manufacturing  can  he  expected  to 
cost  the  systems  managers  (Army,  Navy.  Air  Force)  between  $10  and 
$20  million  per  year . 

The  second  recommendation  is  for  an  assessment  of  trade  and 
economic  factors  impacting  this  industry  by  the  Department  of 
Commerce,  as  these  are  questions  which  fall  primarily  under  the 
jurisdiction  of  DOC.  Accordingly,  the  second  major  recommendation 
is  to  request  the  Commerce  Department  to  assess  the  trade  and 
economic  factors  impacting  this  critical  industry  and  formulate 
options  to  rectify  the  situation. 

A  final  recommendation  is  that  the  Services  place  more  emphasis 
on  technology  programs  which  foster  optical  fabrication 
advancement.  As  the  new  technology  mentioned  in  section  2.9.3. 
matures,  the  program  managers  should  require  their  contractors  to 
utilize  it  as  much  as  possible. 

Since  it  is  not  expected  that  the  actions  recommended  will 
result  in  any  immediate  increase  in  domestic  capacity,  a  few  years 
should  elapse  before  any  new  review  should  be  undertaken. 

The  findings,  conclusions,  and  recommendations  presented  above 
have  been  coordinated  and  concurred  in  by  the  Four  Commands  of  the 
Joint  Logistics  Commanders  and  the  Department  of  Commerce, 
International  Trade  Administration. 
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APPENDIX  A 


Descr Ipt Ion  of  the 
Precision  Optics  Production  Process 
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Description  of  the  Manufacturing  Process 

The  manufacture  of  optical  elements  involves  three  broadly 
defined  stages  of  production.  The  finishing  or  third  stage  was  the 
major  focus  of  this  assessment.  This  is  the  most  difficult  and 
expensive  stage  of  production,  representing  between  80  and  90 
percent  of  the  value  added  of  finished  optical  elements.  The 
finishing  stage  is  preceded  by  raw  glass  (stage  one)  and  preform 
production  (stage  two).  In  raw  glass  production  raw  materials  are 
heated  and  blended  together  in  a  closely  controlled  furnace. 

Typical  raw  materials  include  silica,  oxides  and  rare  earth 
compounds.  In  the  case  of  visible  glass,  the  heated  mixture  is  used 
to  form  molten  glass.  The  precise  blend  depends  on  the 
specifications  required  for  the  final  glass.  The  molten  glass  is 
annealed  and  cooled,  and  formed  into  blocks,  slabs  or  gobs. 

The  second  stage  begins  by  annealing  the  blocks,  slabs  or 
gobs.  The  material  is  then  cut  or  sliced  into  pieces  which  are 
heated  and  pressed  in  molds  into  sizes  approximating  the  finished 
component.  This  reduces  the  time  required  to  generate  the  required 
precision  component.  These  raw  glass  products  are  referred  to  as 
pressings,  blanks  or  preforms. 

Both  the  first  and  second  stages  are  capital  intensive 
operations  that  require  volume  production  to  achieve  cost 
economies.  Only  one  major  firm.  Schott  Glass  Technologies  in 
Duryea.  Pennsylvania  currently  produces  the  raw  glass  in  the  United 
States  and  only  one  firm.  United  Lens  Company  in  Southbridge. 
Massachusetts  makes  the  preforms.  The  Department  of  Commerce  survey 
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revealed  that  neither  of  these  firms  is  operating  profitably  at  this 
time  because  of  dwindling  domestic  markets,  increasing  foreign 
competition,  and  low  rates  of  capacity  utilization.  In  the  case  of 
non-visible  optics,  several  domestic  firms  produce  the  raw  material 
and  blanks  for  infrared  and  ultraviolet  optical  components. 

The  third  stage  of  optical  component  production  is  the  finishing 
stage  and  was  the  central  focus  of  this  assessment.  The  finishing 
process  is  very  labor  intensive  and  is  sometimes  referred  to  as  a 
black  art'  because  of  special  skills  required  of  the  opticians. 

When  preforms  (often  flat  discs)  are  received  they  are  ground  to 
near  net  shape  (generated)  by  cutting  wheels  made  of  brass 
impregnated  with  industrial  diamonds.  In  generating  a  lens,  the 
cutting  wheel  will  grind  the  preform  to  within  two  hundredths  of  an 
inch  of  final  thickness  and  one  tenth  of  an  inch  of  its  final 
diameter.  After  generation  the  workpiece  is  first  rough  ground, 
then  medium  and  fine  ground  before  polishing  and  lapping  to  its 
finished  dimensions.  Very  little  stock  is  removed  during  the 
grinding  and  polishing  operations,  ranging  between  only  five  to  < 
eight  thousandths  of  an  inch  off  each  face.  The  edges  are  then 
trih.med  to  bring  the  diameter  to  design  specifications  and  finally 
the  optical  element  is  coated  with  Magnesium  Flouride  or  some  other 
substances  to  enhance  or  reduce  reflections,  improve  corrosion 
and/or  scratch  resistance,  eliminate  fogging,  or  endow  the  element 
with  some  other  special  quality.  The  coating  operation  is  extremely 
capital  intensive  requiring  expensive  equipment  and  processes. 

Coating  is  ve* y  important  to  military  applications.  Department  of 
Defense  requirements  are  currently  the  major  driving  force  for 
advances  in  c.oat  ing  technology  in  terms  of  both  mater  lal 


formulations  and  machinery  capabilities. 


After  production  of  the  optical  element  is  completed,  the 
element  is  then  assembled  into  final  product.  This  Is  also  a  labor 
intensive  operation  which  utilizes  special  fixtures  and  tooling. 

All  components  (optical,  mechanical  and  electrical)  must  be 
interfaced,  inspected  and  tested  as  final  assemblies.  (This  final 
stage  was  not  analyzed  for  this  investigation.) 
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APPENDIX  B 


Precision  Optics  and  Optical 
Material  Industry  Surveys 
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Form  1TA-9055 
(9-86) 


U.S.  Department  of  Comrr  -rco 
International  Trade  Administration 


OMB  Approval  Not 
Required:  leas  than 
ten  respondents 


NATIONAL  SECURITY  ASSESSMENT  OF 
PRECISION  OPTICS  INDUSTRY 


THIS  REPORT  IS  REQUIRED  BY  LAW 

This  report  is  required  by  law  (60  U.S  C.  App.  Sec.  2155).  Failure  to  report  can  result  in  a  maximum 
fine  of  $1,000  or  imprisonment  up  to  one  year,  or  both.  Information  furnished  herewith  is  deemed 
confidential  and  will  not  be  published  or  disclosed  except  in  accordance  with  Section  705  of  the 
Defense  Production  Act  of  1950,  as  amended  (50  U.S.C.  App.  Sec.  2155). 


General  Instructions 

1 .  h  is  not  our  desire  to  impose  an  unreasonable  burden  on  any  respondent.  IF  INFORMATION  IS 
NOT  READILY  AVAILABLE  FROM  YOUR  RECORDS  IN  EXACTLY  THE  FORM  REQUESTED. 
FURNISH  ESTIMATES  AND  DESIGNATE  BY  THE  LETTER  "E".  Any  necessary  comments  or 
explanations  should  be  supplied  in  the  space  provided  or  on  separate  sheets  attached  to  this 
questionnaire.  Ensure  that  you  reference  the  proper  question  if  you  use  extra  sheets.  If  any 
answer  is  "none",  please  indicate. 

2.  Report  calendar  year  data,  unless  otherwise  specified  in  a  particular  question.  Please  complete 
Parts  II  and  III  separately  for  each  of  your  establishments  that  produce  precision  optics  in  the 
United  States.  Pleasa  make  photocopies  of  forms  if  additional  copies  are  needed.  For  Parts  I,  IV 
and  V.  firms  operating  more  than  one  establishment  may  combine  the  data  for  all  establish¬ 
ments  into  a  single  report. 

3.  In  addition  to  the  original  report  form  to  be  returned  to  us,  a  file  copy  is  enclosed  for  your 
records.  You  are  not  legally  required  to  fill  out  or  retain  this  file  copy.  While  it  would  be  a 
convenience  to  the  Government  for  a  hie  copy  to  be  made  and  retained  for  reference  purposes, 
no  assurances  can  be  provided  that  file  copies  will  be  exempt  from  compulsory  examination  in 
the  future. 

4.  Questions  related  to  the  questionnaire  should  be  directed  to  Mr.  Robert  O'Shaughnessy, 
Physicist,  (201)  724-6223,  Department  of  the  Army,  Mr.  Rod  White,  General  Engineer,  (309) 
782-6226,  Department  of  the  Army,  or  Mr.  John  Tucker,  Industry  Analyst,  (202)  377-3795, 
Department  of  Commerce. 

5.  Before  returning  your  completed  questionnaire,  be  sure  to  sign  the  certification  and  identify  the 
person  and  phone  number  to  contact  your  firm. 

7.  Return  completed  questionnaire  by  October  24,  1986  to: 

U.S.  Department  of  Commerce 
International  Trade  Administration 
Office  of  Industrial  Resource  Administration 
Attn:  Brad  Botwin,  Program  Manager  for 
Industrial  Capabilities,  Room  H3876 
Washington,  D.C.  20230 
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apatwity  ic  product  and  can  arocptta  racamrg  ardori  ft*  r  ta  fuhn.  ndujt  a  Itaaonabu  gumiuty  ■  part  cd  you  1966  product  mo 

2  Ctradar  only  tha  machnary  aid  agapmant  n  plao  and  tiody  to  oparau  Do  not  contain  tacdmaa  ttadi  hra  ham  ragantwa  tor  i  long  panod  ol  tana  and  tharalora 

raqun  aitmtnn  racoratammg  battrs  thr  car  aa  mada  opnatna 

3  'aim  account  ha  addtturjl  potmtana  h>  munranano  rap*  a  dtaua  ttadi  ttoidd  ba  mg**d  ■  yap  mots  from  orrart  opvaua  ta  hdi  cmtatsty 

4  Do  nor  ccrradm  arartana  pay  addad  costs  ha  '  ariar  l  «  othtt  coats  to  ba  prating  factors  ti  «ttmg  CMaoty 

6  Atthoug'  d  may  ba  poiaib'a  lo  tapand  plant  output  by  uamg  productrra  faalrtitt  outuda  af  tha  plant  such  at  by  centractma  out  ubasaarnbly  work,  do  not 
atsuna  tha  um  of  such  outody  faolr*in  r  graatar  proportaai  that  haa  boon  duriaanta  0 1  yaut  aumatanx 
PRECISION  OPTICS — Ekanarri  mada  by  grinding  polishing  tummg  or  molding  matarud  ta  be  uaad  to  trantntrt.  rahact  a  raftaci  hght  in  tha  ultra- molt!  (  1  to  4 

mcromatarsi  met  I  4  to  7  meromrtari!  naar  nharad  |  7  a  3  0  mcranwuri).  rid  Dr  rrfrarsd  13  0  ta  16  0  aacronMan)  apactn.  frrbatml  art  igtnhabim  atamanu. 

moldad  ptasta  raw  pa  gritrga.  tacaptaui  lor  tubas,  artbnary  wmdow  gtaas  amtahNhla.  and  canopms 

PRODUCTION  WORKERS— Partona  up  through  tha  ara  npamam  fatal,  wgagad  at  tah'Mtmg.  ptactaiatg.  taawMrg  aapaftatg.  tatatbg.  atamg.  hanhag  paduig 
warahousarg  a  ahgpmg  bi  tdtbua'i  paraens  angaQtd  m  approg  actwrtmt  auth  at  mamtanarra.  rapaa.  product  dralopmmb.  amobary  production  foi  you  firm  a  own  uaa. 
racord  kaaptng  and  othat  tamon  doaady  auaaasml  with  production  jpwatwu  al  tour  firm  Tmpicyaat  abow  tha  warbmg  aupantaor  total  art  atsbalad  ham  Dtp  fat 
REPAIR  TECHNOLOGY  (REPTECM) — Pnyacti  wfwh  anpnma  000  mmrtato  and  myar  oparttaau 

RESEAPCM  ANO  DEVELOPMENT—  Amardi  and  drakopmant  ndubi  baa*  and  apphad  raiaarch  *i  tha  toancss  told  ai  agwasg  tori  togn  and  dawlopniant  ol 

prororvoa  preduhs  and  procasaw  far  tha  aroosas  ol  tha  yaraman  raaaartfi  and  da»alopnarH  etebtat  acownas  cmrod  or  by  paraens  ttaaiad.  onhm  hamalty  a  bt 

erpwwic*  r  tha  phrocal  aoancas  mduibng  rauiaC  agaarg  if  tha  pupen  to  tuch  actwry  a  to  do  ora  or  ran  to  tha  Itotowag  thmgs 
t  Pirtut  i  otonnad  ttarch  tar  caw  towwkadga  wharhto  a  not  tha  aatoch  baa  toatn  n  a  apaahg  appberoer 

2  Apohr  merg  thoattoogl  a  prattonyc  mtotao  n  tha  own nr  to  a  now  prgdud  ar  prom*  ndidrg  wort  ragmad  to  mrakuata  poaataa  uaaa 

3  Appy  anstrg  Inowtadpt  u>  prtamwi  awonrad  a  iht  rtproutrant  to  a  praaart  arartio  a  promt 

SCIENTISTS  *N0  ENGINEERS — Paranru  rgagtd  r  raouarch  and  dautoopmam  wort  a  prcductan  tganaani  that  bra  at  total  a  fou-ysto  oadtogt  atojetoar  r  tha 

Monica  Karen  a  tngmcanng 

SHIPMENTS — ftopert  wat  re  daltr  tablet  to  bcmtsoctoly  prorterto  praxim  awes  totnped  by  you  Urn  Ing  ta  rapertag  panad  lei  Mh  stagary  ha  patom  ai  Prt 
t  Such  shapnarna  thoid  netjda  nar-fksso  and  mra-toant  trarsfara  but  toiota  ecriuda  toigmardi  to  prtducts  producod  by  otai  man  liana  an  hr  ranh  ada  yaw  brand 
narra  Do  not  adlusi  hr  ranmaC  urapntms  Emin  do  dartnta  sow  lor  unn  and  peAar  rtouoa  whan  nquattad  at  ta  and  to  aach  pntaa  (rawing  in  Part  I  Tin  dafanaa 
pernor  to  nr  buaatan  may  ba  toonthtad  bt  the*  curhasa  ortSan  teurvr  t  00  to  Ob  raeng  oto/a  a  contract  nunba  ho.  '  ta  Qapartnant  to  Otoaaaa.  NK  CM.  fAA,  a 
NASA  at  wad  aa  tha  erton  to  yoa  onurwn  you  couto  tSomrfy  ta  fmduarg  produos  tar  atotnaa  pnyorn  and  aaas  tattad  aid  iwttotod  to  adRay  aouhatm 
toapoac  to  gathfad  arrtuun 

SINGLE  SOURCE— Ar  Karo  oarairty  bang  purhioaC  hero  ant  scuta  Khar  avgas  may  ba  r total  bawmwr  tay  may  oat  ba  oathad  a  mart  not  eanatoaW 

SOLE  SOURCE  —An  Kao  baoig  pittMaod  horn  ms  mm  and  no  ocha  production  mutatt  eeati 

SURGE  PNOOUCT10N  CAPAaiirn  —  rht  <«itoi  auKtarubm  mto  to  dtormw  arccbictwr  ta!  can  ba  behaved  wtthai  an  uiicarg  aottohatooam  by  ta  and  to  ta  8  month 
arrato  nrairr  foUovmg  ivgt  rbry  vw  r-mm»rarg  wtotM  dsbvarm  (kour  tc*tuvtan  Stop  urr  productaar  ouarurrw  to  praaaan  apttto  eaaponanu  a  tha  at)  to 
3  morv-i  and  6  -rarrhs  r  Pari  U  to  tha  yurnmin  Prepfrar»ir'  tenon*  6a  addrrona  aatontot  to  auetan  aayi  prortjctmr  totota  wto  ba  aoftotM  Ml  avga  day  Ejortng 
ta  «wrw*  ma>  bt  actnratv  a  i  rttnr*d  m  icgrradtd  trd  UrerMn  rran  owr  a  uaad  agganora  nay  ba  pea  i rival  ta  mattotod  i  paaataa  ttohr  ta  6  month  ums 
traru  jba  me*  a*  -utr  and  tramad  a  rarCm  jurtmav  a  XKTKI  ward  tha  dee*  an*  wrwanda  too  irg  la  nomvi  agapmmra  mantantota  ta  downttrat  ttkmrrar* 
0a*anu  nrr^n  l  2.1  your  nwrypt  arrmry  Mrarra*  imijciTr  r  l?7t6 

TECktNOlOGr  IRODERNLZA rtOH  fTECV  M'.lOi  “ht  catarg  y  m .-civ-*.: man  wnh  rPa  rvutvartanoi  to  advarat  maitoactimg  tachnutocy  to  promtorg  mcwanrai  h* 

’.  Trr- nior  mrr  *jhrfrxric*<ji  ‘^rtikrttrr 

(T  *  "  V  *  '  '  1  !fyf?«l  rt'i*r,  ...aw  w  i «  ay  arr  £V»  ^  :'ws*rr'  '*^4iC3^>i*  «J  '  iw  Vryw  ’  G*4r*J» 


I'A /•  . 


HriH  iulmu-; 

] .  Name  an  i  c.  jdress  of  your  firm  or  corporate  division. 


If  your  firm  is  wholly  or  partly  owned  by  another  firm,  indicate  the  name  and  address 
of  the  parent  firm  and  extent  of  ownership. 


2.  Identify  tne  location  of  your  precision  optics  manufacturing  establishments) 
in  the  United  States.  (See  definition  of  precision  optics.) 


Local  tty 


State 


2 1 p  Code 


( a  ) 

(b) 

( c ) 


3.  Identify  any  U.S.  manufacturing  establishments  in  which  you  ceased  precision  optics 
production  operations  since  i960  and  the  reason  production  was  stopped. 
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A 


PRECISION  OPTICS  SHIPMENTS  (UNITS) 


FA. 


Enter  total  amt  and  estimated  defense  share  of  shipments  of  precision  optics  as 
indicated  below  n.e, ,  fcr  all  manufacturing  establishments).  Count  each  optical 
component  of  a  shipped  assembly  as  a  separate  unit.  (See  definition  of  shipments.) 

1 .  Visible  Optics  1961  196  2  1983  1984  1  9 8  5 


a.  Lenses 

(  1  )  Sma  1 1  {  unde  :  .  5  *  0.  I*.  i 
i  2  i  Medium  (.5  t 2"  o.b. 
i j )  Large  (2  t  o’  0 . D .  ) 

(4)  Very  Large  in/er  6"  O.D.) 

Estimated  Defer.--  Snar*  l%; 

L .  Prisms 

i  .  1  Sma  11  (  ,nj-'  :  .  1- :  «*->.  in. 

clear  ap‘-:t ...  ■  e  area.- 

(  2  )  Medium.  (  .21.  t  .  4  sg.  .n. 
clear  a  p  ~ .  re  a  r  •-  a 


Large  (4  t- 

-'4  Si 

•i  •  i  n 

clear  ape: 

•_  ^  o 

ar-.-a  ) 

Very  La:;e 

..  ••  *  r 

6  4  Su 

clear  apt: 

:  l  j  r  e 

area) 

Estimated  del*.  --  a . .  a  t  e  1 1  _ 

c .  «  i  r  r c- :  s  !  i  no  1  r  no:*~g  lass  s  .:  f  f  at  e»» 

11’  S-a  .  i  i  u  nee  r  .11  sg  .  i  r.. 

saface  a:!  d  _ 

«  2  )  Me.it  ut.  (.25  t.,  4  s  g .  ;  n . 
surface  area* 

i 3 )  La  rge  (4  t  -  6  4  sg  .  : n . 
s  u  r  f  a  c  e  -a  -  -  a 

!  4  i  Very  La  r-g  -  .  e r  ;  si.:':, 

s  :  r  f  a  t  ■  i '  -  > 


°l 


l  9b ; 


1  <• 


j ')  a  J 


;  9b  4 


19b- 


d.  Other  Flats 

(  i  i  _,ma  1  I  (under  .  l\>  sq.m. 

;ear  aperture  areal 


i  i  i  Men ;  urn  (  .  2  b  tu  4  r  ^ .  i  n . 

clear  aper t ur e  area' 

( j )  Large  (4  to  64  sq. i n. 

clear  aperture  area) 

(4)  Very  Large  (over  64  sq.m, 
clear  aperture  area) 


Estimated  Defense  Share  (4) 
2 .  I  n  £  r  a  r eo  Material  Optics 


a  .  Ler.se  s 


(  ;  Sira  1  )  I  unde:  '  •  0.  b.  i 

( .  tv  di  ur  (  under  u  •  1  ’  j.Z.t 


Estimated  Defence  S:  tie  ‘6i 

Ij  ,  *»  ;  f »  3  j  **'  S 

i  :  »  srrid  :  A  i  ar.ae :  *  * 

under  O.Oeu*  f.. ■  * . 

(  *  i  red:... t  (  under  u  . 

„  n  a  e  r  0 . 2  0  o  '  t  r. .  u  *  . 

(  3  ,  K-a  r  qe  (  under  t  *  0  .  D  .  , 
under  0.50-'*  t  r. :  *•  ■ 

( 4  /  Very  La  rge  ( b  *  f,  . - ‘  C • 
under  1 .  SO  *  tr. »  • 

Estimated  Defense  Snare  >  4 
£.  Prism? 

(  ;  ,  Sr. a  1  1  jn  V:  .  b  . 

c  .ear  a  p  e  r  t  . :  •-  a  r  -  i 


yj 


PART  1 


PRECISION  OPTICS  SHIPMENTS  (  OOLcAR. 


Enter  total  no liar  anl 
lnaTjteJ  below  (i.e., 
component  of  a  snipped 


L'  . 

e :  t  1  tu  •  :  Ovti.nse  slim-  M  u  h  i  pm*-*  < .  m  o'  j  : 

foe  all  manufacturing  eitabl i shmeni u ) .  Co 
asset:  i/  as  a  separate  unit.  (See  defim- 


1-  Visible  Optics 


1931  lSc.  1 96 1 


a.  Lenses 

(1)  Small  (unde:  .5’  0.3.)  _ 

(2)  Medium  (.S  to  2"  O.D.)  _ 

(J)  Large  (2  to  8-  0.3.)  _ 

(4)  Very  Large  (over  6*  O.D.)  _ 

Estimated  Defense  Snare  (%)  _ 

t .  Prisms 

(1)  Small  (under  .2b  sq.m,. 

clear  aperture  area)  _ 

(2)  Medium  (.25  to  4  sq.in. 

clear  aperture  urea)  _ 

13)  Large  (4  to  6  4  sq.m 

cTear  aperture  are-i) 

14)  Very  Large  'Over  >4  sg.rn. 

clear  aperture  area)  _ 

Estimated  Defense  Sr.a  :  e  %  _ 

c.  Mirr.-rs  (including  nt-n-Lass  suDstrates) 

.1)  SmuAi  (under  .25  sq.in. 
surface  area  ) 

(2)  Medium  (.25  to  4  spin. 

surface  area)  _ 

(3)  Large  (4  to  64  sq. in. 

sir  face  area  !  _ 

(4)  Very  Large  (over  64  sq.in. 

surface  area  ) 


Estimated  Defense  Share  •  % 


:  .ion  ''p*  *  i-- s  .i 
fit  each  optita. 

'  r  ?f  Sh  1  pTef  .  . 

1934 


5- 


1981 


1982 


1983 


1984 


1985 


c.  Dtr.er  flats 


t 1 ) 

Small  ( under  .25  sq . n. 
clear  ape:  r.  ure  area  i 

(  2  ) 

Medium’  (  .  «.S  to  4  sq.m, 
clear  aperture  area) 

13) 

Large  (4  to  b4  sq.m, 
clear  aperture  area) 

*  4  ! 

Very  Large  (over  64  sq.m, 
clear  aperture  area) 

Estimated  Defense  Share  (%) 

Infrared 

Material  tics 

a.  Lenses 

{ i  ) 

Small  (unde-  1  *  O.L. 

>2) 

Medium  :  u;. r  2.5'  C.D.  , 

(  3  ) 

Large  (2.5*  to  6  *  0 . D .  ) 

(41 

Very  Large  •  '  to  12*  C.D.' 

Estim 

a  ted  Del  a  r  S.  are  i  %  i 

r .  Km  do 

( I ) 

Sma 1 i  ( un J- r  i *  j.  L  .  , 
under  0. Ob j  *  tne*.  • 

i  2  ) 

Medium  ;  ur>.ser  2. 5*  O.D., 
under  0  .  .  .  *  to. ; 

(3) 

Large  ( under  6"  C.D. , 

under  n.fOC*  thick,  ___ 

(  4  > 

Very  La  r  g  e  (  6  ’  to  12* 
under  i  .  Vj  *  tr. .  ► 

Estimated  Demo  e  Sham  » 

i  .  l'r .  s m 

o."u3 1  i  ^  j  ■"  •  •  ;  ; 

c  i  p  i  :  i .  r  --  i  [  p 

-6- 


■5 


1981 


198  J 


1984 


198  9 


1^0. 


ID  Medium  (.90  to  1  sq.in. 
clear  aperture  area) 

( J )  Large  (1  to  2  sq. in. 

clear  aperture  area) 

1 4 •  Very  Large  (over  2  sq.in. 
clear  aperture  area) 


Estimated  Defense  Share  (%) 

3.  Ultraviolet 

a.  Lenses 

(1)  Small  (under  0.5"  O.D.) 

(2)  Medium  (0.9  to  1*  O.D.) 

( 3 )  Large  (1*  to  3*  O.D.) 

(4)  Very  Large  (over  3’  O.D.) 


Estimated  Defense  Share  (») 

b.  Prisms 

(1)  Small  (under  .29  sq.in.) 

(2)  Medium  (0.29  to  4  sq.in.) 

( 3 )  Large  (4  to  6  sq.in.) 

(4)  Very  Large  (over  6  sq.in.) 


Estimated  Defense  Share  (%) 

c.  Windows 

(1)  Small  (under  0.9'  O.D.) 

(2)  Medium  (under  1*  O.D.) 

(3)  Large  (under  3*  O.D.) 

(4)  Very  Large  (over  3*  O.D.) 


Estimated  Defense  Share  (%) 


u 
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.'APT  II 


A.  PEACETIME  CAPACITY 
8.  SURGE  AND  M0BILI2ATI0N 

PRODUCTION  CAPABILITIES 
C.  WORKFORCE 


INSTRUCTIONS 


o  Complete  Part  II  for  each  estaol ishment  that  manufactures  precision  optics, 
o  Report  calendar  year  data,  unless  otherwise  specified. 

o  If  information  is  not  readily  avaiiaoie  from  your  records  in  exactly  the  form 
requested,  furnish  estimates  and  designate  by  the  letter  *E‘. 
o  Do  not  leave  questions  unanswered.  Enter  ’none*  where  appropriate, 
o  Photocopy  this  section  as  necessary. 

ESTABLISHMENT  IDENTIFICATION 


(Locality) 


(State) 


(Zip  Code) 


A.  PEACETIME  CAPACITY 

1.  Wr.at  is  your  annual  ;  tactical  capacity  1  n  uni  ts  for  producing  precision  optics  in 
the  following  size  a1.;  spectral  ranges?  (See  definition  of  practical  capacity.) 

V-.sitle  Optics 


Ler.ses 

C 

(i)  Small  (unde  . 

5’ 

0  .  D . 

1  2  i  Medium  i  .  :  j 

2  ■ 

O.D,  ) 

(3)  Large  (2  to  S“ 

O 

r>.  ) 

_ 

(4:  Very  Larg*-  zj 

e: 

8  *  O.D.) 

Prisms 

d 

( 1 1  Sma 1 i  (under  . 

2b 

sq . in. 

cleat  apert. 

re 

area; 

i 2 )  Medi um  (.25  to 

< 

sq.in. 

clear  aperture 

area  ) 

13)  Large  (4  to  64  sq.m 

clear  aperture  area' 

(4)  Very  Large  (over  64  sq.in. 
clear  aperture  area) 


Mirrors  (including  non-glass  substrates) 

(1)  Small  (under  .25  sq.in. 

surface  area)  _ 

(2)  Medium  (.25  to  4  sq.in. 

surface  area)  _ 

(3)  Large  (4  to  64  sq.in. 

surface  area)  _ 

(4)  Very  Large  (over  64  sq.in. 

surface  area) 


Other  Flats 

(1)  Small  (under  .25  sq.in. 
clear  aperture  area) 


(2)  Medium  (.25  to  4  sq.in. 

clear  aperture  area) 

(3)  Large  i4  to  64  sq.in. 

cleat  aperture  area) 


(4)  Very  Large  (over  64  sq.in. 
clear  aperture  area) 


-  B 


7 


Infrared  Ha  f  ena)  Optic* 


A . 

Lens 

t  , 

c.  Prisms 

(  1  i 

Sma 1 1  l under  1  *  O.D.) 

(1) 

Small  (under  .5  sq.  in. 

(  l  I 

Medium  (under  2.5*  O.D.) 

(2) 

clear  aperture  area) 
Medium  (under  .5  to  1  sq. 

l  3  ) 

Large  (under  6*  O.D.) 

(  3  ) 

clear  aperture  area) 
Large  (1  to  2  sq.  in. 

(4) 

Very  Large  (under  12*  0.0.) 

(4) 

clear  aperture  area) 
Very  Large  lover  2  sq.  in 

clear  aperture  area) 

D. 

Windows 

( 1 ) 

Small  ( under  1  *  0.  D.  , 
under  0.080  thick) 

(2) 

Medium  (1*  to  2.5*  O.D., 
under  0.200*  thick) 

(3) 

Large  (under  6"  O.D., 
under  0 . 500  *  thick) 

(  4  ) 

Very  Large  (under  12*  O.D., 
under  1.50*  thick ) 

Ultraviolet 

a . 

Lenses 

c.  Prisms 

in 

Sma 1 1  ( under  0.5*  O.D) 

(  1 ) 

Small  (under  .25  sq.in.) 

(21 

Medium  (under  1  *  O.D.) 

(2) 

Medium  (0.25  to  4  sq.in.) 

(3) 

Large  (3*  O.D.) 

(3) 

Large  (4  to  6  sq.m. ) 

(4) 

Very  Large  (over  3*  O.D.)  _ 

_  (4) 

Very  Large 

Greater  than  6  sq.in. 


t.  Windows 

( i )  Smai 1  ( under  0. 5* i 
( 2 i  Medium  (under  1*) 

( 3 )  Large  (under  3 *  ) 

(4)  Very  Large  (over  3") 


S2T*  "  ZZZKSXWm SS5ZaS0ES2SnPH 


!3^T'?r!*  ~r. 


2.  Enter  below  factors  which  would  increase/decrease  capacity  figures  given  above,  (e.g. 
material,  length  of  production  run,  etc.) 


,7V 


3.  a.  what  was  this  establishment's  practical  capacity  utilization  rate  in  percent  in 
1985? 

Practical  Capacity  Utilization:  _ %  1985 


t.  How  long  would  it  take  to  reach  practical  capacity  from  the  1985  rate  indicated? 
(in  weeks) 

Weeks 


4  CON’VER . IB  I  LI TY :  Disregarding  production  efficiency  considerations,  briefly  discuss  the 
convertibility  of  your  non -defense  production  operations  to  defense  production,  and  the 
problems  that  might  arise  in  the  conversion  (e.g.,  acquire  additional  testing  equipment, 
additional  skilled  labor,  dollars,  time,  etc.). 


;  0- 


U.a;>  •:  imes. 


During  i985,  what  was  your  average  lead  time  (i.e.,  from  receipt  o£  order  t ? 
delivery  to  customer)  for: 


Non-Defense  Orders 


weeks 


Defense  Orders 


weeks 


b.  Regarding  your  longest  lead  time  defense  items  list  the  type  of  optic  (lens, 
prism,  etc.),  the  average  lead  time  during  1985,  and  describe 
how  that  lead  time  could  be  significantly  shortened. 


Type 

of  Optic 


1985 
Average 
Lead  Time 


How  to  Shorten  Lead  Time 


Are  lead  times  increasing  for: 

Non-Defense  Orders? 
Defense  Orders? 


yes  _ ,  no 

yes  _ ,  no 


d.  If  lead  times  are  increasing,  what  ore  the  reasons? 
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8.  SURGE  AND  MOBILIZATION  PRODUCTION  CAPABILITIES 


SURGE  PRODUCTION  CAPABILITIES:  Enter  your  precision  optics  surge  production 
capability  below.  Use  19  85*  s  average  monthly  defense  production  for  each  optical 
category  as  your  base  production  rate.  IN  ESTIMATING  YOUR  SURGE  PRODUCTION 
CAPABILITY,  ASSUME  ANY  OTHER  DEFENSE  PRODUCTION  (l.e.,  non -preci S ion  Optics)  IN  THIS 
ESTABLISHMENT  IS  ALSO  SURGED.  Maintain  non-defense  production  at  1985  levels. 

(See  definitions  of  surge  production  capability  and  shipments.) 

Report  Monthly  Rates  in  Units 


Size  Range 


1985's  average 
monthly  defense 
production  rate 
( Unit  s ) 


Surge  rate 
at  3  months 
( Units ) 


Surge  rate 
at  fc  months 
(Units) 


1 .  Visible  Optics 
a.  Lenses 


i  1 ) 

Small  (under 

.  5  * 

0.  D. 

(  2  ) 

Me di  uT  (  .  S  t. 

o  2a 

0  .  D  .  ) 

!  3) 

Large  (2  t  c 

S'  0 

.  D .  ) 

( <1 ; 

Very  La r  : -  * 

.-.■ver 

6*  O.D. 

?  r  1  s 

:•  s 

t  1 ) 

Snail  (jr.de: 

2  5 

s  (j .  in. 

C  i  e  a  :  a '  e  : 

t  J  r  e 

a  tea 

l  2  ) 

Me  divim  (  .  2 ' 

V.;  5 

sg. : n. 

clear  a  ■  •  - 1 

3  ,  r 

area  i 

,  3/ 

Large  {4  t: 

6  4  S- 

g . .  n 

c  1  •-  at  a :  -. : 

c  j  r  e 

are  a  ) 

!  t  ) 

'•'cry  La  roe  ! 

c  .  T’  O  m 

6  4  s  q  .  i 

fiear  apt; 

j  f  P 

area  ; 

Mi  r  r 

?  r  s  !  i  nc .  j  U  : 

i  '  1 

Small  >  under 

2 ' . 

Sr;  .  >  -  . 

ace  a- 

*  j 

i  2  1 

M  e  d  i  .  v  ,  .  .  . 

.  *  r  . 

surface  a . 

.-j  ■ 

i  7  ; 

L 5  r.:?  (4  ' 

r,  4  S 

; .  i  "■  - 

c  i  e  *•  r  hh  **  ■ 

\  4 

,  •  p  f 

iZrai.es  ) 


i-'  / 


1985's  average 
monthly  defense 


Si  ze 

Range 

production 
( Units ) 

d.  Other 

Flats 

(1  ) 

Small  (under  .25 
clear  aperture 

sq . in. 

area  ) 

(2) 

Medium  ( . 25  to  4 
clear  aperture 

sq. in. 
area ) 

(3) 

Large  (4  to  6  4  sq.m, 
clear  aperture  area) 

(4) 

Very  Large  (over 
clear  aperture 

64  sq.m, 
area ) 

Infrared 

Material  Optics 

Surge  rate 
at  3  months 
(Units) 


Surge  rate 
at  b  n t h s 
( Un  ts  j 


Len 

ues 

(1  ) 

Sma  1 1 

(under  1*  0 

(2) 

Medium 

(under  2.5 

(3) 

Large 

(under  6*  0 

(4) 

Very  Large 

(under  12*  O.D. ) 


Windows 

(1 ) 

Small  (under  1 

*  O.D.  , 

under  0.080* 

thick) 

(  2  ) 

Medium  (under 

2.5*  O. 

under  0 . 200  * 

thick  ) 

(3) 

Large  (under  6 

*  O.D., 

under  0.500* 

thick ) 

(  4  ) 

Very  Large  (under  12* 

under  1.50*  thick) 


Prisms 

(1 ) 

Small  (under  .50 

sq . i n. 

clear 

aperture 

area ) 

(2! 

Medium  i 

[.50  to  1 

sq . in. 

clear 

aperture 

area  ) 
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1985  ' s  average 

monthly  defense  Surge  rate 

Size  Range  production  rate  at  3  months 

(Units)  (Units) 


(3!  Large  (1  to  2  sq.m. 

clear  aperture  area) 

(4)  Very  Large  (over  2  sq.m, 
clear  aperture  area) 

3 .  U 1 1  r  aviolet 


a.  Lenses 

(1)  Small  (under  0.5*  O.D) 

(2)  Medium  (under  1*  O.D.) 

(3)  Large  (3*  O.D.) 

(4)  Very  Large  (over  3*  O.D.) 
n.  Windows 

;  1 ,  Sma 1 1  ! unde  r  0.5*  O.D.) 

(2)  Mediu*  (under  i*  O.D.) 

(  '  ■•  Large  (under  3’  O.D.) 

1 4  ;■  Very  Large  (over  3*  O.D.) 
c.  Prisms 

( 1 >  Small  ( under  .25  sq. in.  ) 
<2;  Medium  (0.25  to  4  sq.m.) 

I  j )  L<3 r  g  9  (4  to  b  sq.  in.  J 

(4  i  Very  Larne  ever  6  sq.m.) 
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Surge  rate 
at  6  months 
( Units) 


u 


B.  SURGE  AND  MOBILIZATION  PRODUCTION  CAPABILITIES 


MOBILIZATION  PRODUCTION  CAPABILITIES:  Enter  your  precision  optics  mobilization 
production  capability  below?  Use  1985's  average  monthly  defense  production  for  eacr 
optical  category  as  your  base  production  rate.  IN  ESTIMATING  YOUR  MOBILIZATION 
PRODUCTION  CAPABILITY,  ASSUME  ANY  OTHER  DEFENSE  PRODUCTION  IN  THIS  ESTABLISHMENT  IS 
ALSO  MOBILIZED.  Non-defense  production  falls  to  25  percent  of  1965  levels. 

(See  definition  of  mobilization  production  capability./ 


Report  Monthly 

1985's  average 

monthly  defense  Mob  rate 

Size  Range  production  rate  at  6  months 

(Units)  (Units) 

Visible  Optics 

a.  Lenses 

11)  Small  (under  .5*  O.D. 


(2)  v-.dium  (.5  to  2*  O.D.) 


(3)  Large  (^  to  8"  O.D.) 


(4)  Very  Large  (over  8"  O.D.) 


b.  Prisms 

(1)  Small  (under  .25  sq.m, 
clear  aperture  area) 


(2)  Medium  (.25  to  4  sq.m, 
clear  aperture  area) 


( 3 )  Large  (4  to  64  sq.in 

clear  aperture  area) 


(4)  Very  Large  (over  64  sq.m, 
clear  aperture  area) 


c.  Mirrors  (including  non-glass  substrates) 

(1)  Small  (under  .25  sq.in. 
surface  area) 


(2)  Medium  (.25  to  4  sq.in. 
surface  area) 


(3)  Large  (4  to  64  sq.in. 

clear  aperture  area) 


(4)  Very  Large  (over  64  sq.in. 
clear  aperture  area; 


Rates  in  Units 

Mob  rate 
at  12  months 
( Units ) 


Mob  rate 
at  24  montns 
( Unit  s ) 
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Sire  Range 


d.  Other  Flats 


1985 ' s  average 

monthly  defense  Hot)  rate 

production  rate  at  6  months 
(Units)  (Units) 


Mob  rate 
at  12  months 
( Uni t  s ) 


Mob  rate 
at  24  months 

(Units) 


i  1  !  Shall  ( under  .15  sq.m, 
clear  aperture  area; 

(2)  Median-.  (.25  to  4  sq.m. 

clear  aperture  area) 

( 3)  Large  (4  to  64  sq. in. 

clear  aperture  area] 

(4)  Very  Large  (over  64  sq.m. 

clear  aperture  area) 


2.  Tnfrared  Material  Optics 
a .  Lenses 


( 1  »  S.mal 1  (under  i *  G . 0 .  ) 
i4'  Medium  (under  2.5'  O.D.) 

( 3 )  Large  (under  6 '  C  .  D .  ) 

( 4 )  Very  Large 

( under  1 2 *  0.0.) 

6.  Windows 

(1,  Small  (under  1*  O.L., 
under  0,080  *  truck  ) 

(2!  Medium  (under  2.5'  O.D., 
unde'  0,200"  truck) 

! 3  -  Large  ( under  6 '  0 . D. , 
under  0  .  SCO  "  truck  ) 

(4)  very  L' rge  ( under  i2'  O.O. 
under  1 ,  5  u  '  t  n  i ..  k  ) 

b.  Prisms 

(1'  Small  (under  .50  sq. in. 
clear  aperture  area) 

(2)  Medium  (  5  0  tc-  sq.m. 

ciear  a  ie  r  r  u  r  e  ar*a  • 
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r 


Mob  rate 
at  b  months 
(Units) 


Mol  tate 
at  12  months 
(Units) 


l^dS's  average 
monthly  defense 
production  rate 
(Units ) 

l 3)  barge  (1  to  2  sq. in. 

clear  aperture  area)  _ 

(4)  Very  Large  (over  2  sq.m. 

clear  aperture  area)  _ 

3.  U 1 traviolet 

a.  Lenses 

(1)  Small  (under  0.5*  O.D)  _ 

(2)  Medium  (under  1*  O.D.)  _ 

(3)  Large  |3*  O.D.)  _ 

(4)  Very  Large  (over  3"  O.D.)  __  _ _ 

b.  Prisms 

(1)  Small  (under  .25  sq.m.)  _ 

(2)  Me  d  l  „  (C.2S  to  4  sq.m.)  _ 

(3)  Large  (4  to  6  sq.m.)  _ 

(4)  Very  Large  (over  6  sq.m.)  _ 

c.  Windows 

(1)  Small  (under  0.5*  O.D.)  _ 

121  Medium  (under  1*  O.D.)  _ 

(3)  Large  (under  3*  O.D.)  _ 

(4J  Very  Large  (over  3*  O.D.)  _ 


SURGE  AND  MOBILIZATION  BOTTLENECKS 


1-  SURGE  BOTTLENECKS:  Lise  and  rank  the  bottlenecks  you  envision  would  t>e  encountered  in  a 
surge  and  the  time  and  cost  to  correct.  Rank  bottlenecks  in  order  of  occurrence.  If  the 
answer  is  "none*,  please  indicate.  Please  refer  to  definition  of  bottleneck. 

Time  and  Cost 

Bottleneck  [specify,  Rank  to  Correct 

Rough  Grinding  _ 


Fine  Grinding 


Polishing 


Area  of 
Occ ^  r  r  ence 


Hand  Correction 
Coa  1 1 ng 


Assembly 


Testing 


Material  ,~ 


Pa  rt  s  Components 


C-i  .  Regulations _ _  _ 

2.  MOBILIZATION  BOTTLENECKS:  List  and  rank  the  bottlenecks  you  envision  would  be  encbuntered 
m  a  mobilization  and  tne  time  and  cost  to  correct.  Rank  bottlenecks  in  order  of 
occurrence.  If  the  answer  is  ’none’,  please  indicate.  Please  refer  to  definition  of 
bot  t leneck . 

Area  of  Time  and  Cost 

Occurrence  Bottleneck  (specify)  Rank  to  Correct 

Rough  Grinding _ _  _ 


Fine  Grinding 


Pc  1 . s  n l ng 
Hand  Correction 
Coat  ng 
Assembly 


Testing 


Mat  er i a  1  s 

Parts  '  Co mpo ne n c s 
Gove.  Regulations 
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C.  WORK  FOR  Cl 


- 

EMPLOYMENT:  Enter 

the  number 

of  employees 

from  1981  through  1985  js  requested  be'.ou 

( See  definition  of 

Scient ists 

and  Engineers 

,  Production  Workers, 

and  Opticians) 

1981 

1982 

1983  1984 

198  5 

'Scientists  and  Engineers 
Production  Workers 
Administration  and  Other 
Total : 


How  many  Opticians  are 
included  above? 


2.  a.  Enter  work  force  shift  information  below.  (See  definition  of  production  workers) 

Average  Number  of  Production  Number  of  Production  Workers/Shift 

Workers  per  Shift  in  1985  if  Operating  at  Practical  Capacity 

Operation _ 1st _ 2nd _ 3rd  days/wk _ 1st _ 2nd _ 3rd  days/wk 

Rough  Grinding  _  _  _  _  _  _____  _  _ 

Fine  Grinding  _  _  _  _  _  _  _  _ 

Polishing  _  _  _  _  _  _  _  _ 

■  nd  Correction  _  _  _  _  _  _  _  _ 

Coating  _  _  _  _  _  _  _  _ 

Assembly  _  _  _  _  _  _  _  _ 

Testing  _  _  _  _  _  _  _  _ 

Other 


b. 


Assuming  you  were  operating  one  eight 
additional  production  (expressed  as  a 


hour  shift,  five  days  per  week,  how 
percent  increase)  could  you  acbeive 


much 
If  : 


You  added  a 


second  eight  hour  shift? 


percent 


You  added  a  second  and  third  eight  hour  shift? 


percent 


c.  Please  use  space  below  for  any  additional  explanatory  comments  you  have  concerning 
tne  workforce  shift  information  given  in  (2a.  or  b. )  above  (e.g.,  avail iabi 1  it y  of 
opticians  or  other  occupations,  union  work  rules,  nighttime  noise  curfews,  capital, 
etc.  ) . 


3-  CRITICAL  OCCUPATIONS:  List  below.  (Critical  Occupations  -  Includes  occupations  FOR 
WHICH  YOU  ANTICIPATE  A  POTENTIAL  SHORTAGE  OF  QUALIFIED  PERSONNEL  DURING  SURGE  OR 
MOBILIZATION.  In  general,  this  would  include  skilled  occupations  that  require  an 

extended  training  period.) 

Number  Nu~.be r  Needed  Number  Needed 

Joe  Title  Employed  in  a  Surge  in  a  Mob. 
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'f'f 


Training  Period 
(in  months) 


P.A,'i  111  -  1 NV  ESTMtN  T ,  RAD,  GOV  EKNM  EN  i  SPONSORED  PROGRAM.,,  TECHNOLOGY  , 
EQUIPMENT,  SUPPLIERS,  MATERIAL  USAGE,  ANL)  TRANSPORTATION 

INSTRUCTIONS 

o  Complete  Part  III  for  each  estaDl 1 shment  that  manufactures  precision  optics, 
o  If  information  is  not  readily  available  from  your  records  in  exactly  the  for- 
requested,  furnish  estimates  and  designate  by  the  letter  "E*. 
o  Enter  "none*  where  appropriate, 
o  Photocopy  this  section  as  necessary 

ESTABLISHMENT  IDENTIFICATION 


(  Local 1 ty ) 


( State  ) 


(Zip  Code) 


i.  INVESTMENT:  Enter  expenditures  for  new  plant,  machinery,  and  equipment  from  1981 

through  1985  as  requested  below.  Enter  any  government  investment  expenditures  at  your 
establishment  separately. 


Private  Investment  Expenditures 
(in  thousands  of  dollars) 

1981  1982  1961  1984  1985 


Plant 

Machinery  and  Equipment 
Total : 


Government  Funded  Investment 
(in  thousands  of  dollars) 

1961  1982  1983  1984  1985 


Plant  _  _  _  _  _ 

Machinery  and  Equipment  _  _  _  _  _ 

Total : 

2.  Planned  expansion:  Enter  percentage  increase (♦  I/decrease (- )  in  practical  production 
capacity  planned  for  in  the  time  frames  indicated. 

Change  in  Cost  of 

Capac i t y  Change  Description  and  Reason  for  Change 


In  one  ye*. 

Tr>  rvo-three  years 


.'/O 


In  over  three  years 
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Enter  the  number  of  machines  you  have  in  each  age  interval 


3.  AGE  OF  CAPITAL  EQUIPMENT : 
on  tne  taDle  below. 

Age  Intervals 

0-4  5-9  10-19  20yrs 

Capital  Equipment  yrs  yrs  yrs  &  up 

Optical  Sawing  and  Shaping  Machines  _  _  _  _ 

Curve  Generating  Machines  (Ring  Tool)  _  _  _  _ 

Spindles  (Lap  Machines)  _  _  _  _ 

Centering  and  Edging  Machines  _  _  _ 

Interferometers  _  _  _  _ 

Diamond  Point  Turning  Machines  _  _  _  _ 

Vacuum  Coating  Chambers  _  _  _  _ 


A.  RESEARCH  AND  DEVELOPMENT;  Enter  research  and  development  expenditures  from  1981 

through  1985  as  requested  below.  Enter  any  government  funded  expenditures  separately. 
(See  definition  of  research  and  development) 

Private  Funded  Research  and  Development  Expenditures 
(in  thousands  of  dollars) 

1981  1982  1983  1984  1985 

On  Materials  _  _  _  _  _ 

On  Processes  _  _  _  _  _ 

Other  _  _  _  _  _ 


Total  : 


Government  Funded  Reseat-,  n  and  Development  Expenditures 
(in  tho-'.^a.ids  of  dollars) 

1981  1982  1983  1984  1985 


On  Mate r i a  1  s 
On  Processes 
Otner 


Total  ; 
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NEW  TEi-  HNuLOGl  Eb :  In  which  of  the  following  aie.is  ilo  |'ou  con^nlef  the  application  ot 
new  technologies  to  De  most  critical?  Number  from  one  (the  most  critical)  to  seven 
( the  leas t  cr  1 1 ical ) . 

Grinding  _  Assembly  _ 

Polishing  _  Testing  _ 


Coating  _  Other  (specify) 


Calibration  and  Inspection 


List  specific  new  technologies  you  would  be  most  interested  in  acquiring. 


GOVERNMENT  SPONSORED  PROGRAMS:  (i.e.  IMIP,  TECH  MOD,  MANTECH,  REPTECH  -  See 
def ini t ions  ) 


a.  Are  you  currently  involved  in  a  Government  sponsored  modernization  program  with 
respect  to  your  precision  optics  manufacturing  operations?  yes  _ ,  no  _ 


b.  How  beneficial  do  you  feel  Government  sponsored  modernization  programs  are? 


Will 

Will 

Will 

Will 


they  result  in  reduced  lead  times? 

tney  lower  production  costs? 

they  lower  precision  optics  prices  to  DOD? 

tney  help  you  compete  on  the  world  market? 


d.  What  problems  still  exist  that  these  programs  do  not  address? 
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i)  a 


7.  PLANT  INTEGRATION:  For  operations  relating  to  the  following  items,  what  percent  of 
your  work  did  you  subcontract  out  (rather  than  make  yourself)  in  19857 

Lenses  Flats  Reticles  Asphencs  Coatings 


Specify  tne  manufacturing  operations  most  frequently  subcontracted. 


For  the  periods  indicated,  estimate  the  percent  changes  m  subcontracting  you 
experienced  or  expect  to  experience. 

Lenses  Flats  Reticles  Asphencs  Coatings 


From  1981  to  1985  _  _  _  _  _ 

From  1966  to  1990  _  _  _  _  _ 

8.  INVENTORY:  For  the  following  materials,  how  much  of  an  inventory  do  you  normally 
maintain?  (in  days  supply) 

Optical  Glass  _  Filter  Glass  _  IR  Material  _  Other  (specify)  _ 

Wnat  factors  influence  your  inventory  policy  for  these  materials  (e.g.,  avai labi 1 i ty , 
tax  policies,  minimum  purchase  quantities,  etc.)? 


9.  i'JPPLIERS:  Have  you  in  the  past  five  years  experienced  shortages  or  extended  lead 
times  in  obtaining  any  material  or  supply,  machinery,  equipment,  or  additional  labor 
that  forced  you  to  modify  or  curtail  your  operations? 

Yes _ ,  No _  If  yes,  list  below.  Identify  the  nature  and  duration  of  the 

problem  on  your  operation  and  the  action  you  took  to  resolve  the  situation. 


10.  Do  you  anticipate  any  shortages  or  extended  lead  times  in  obtaining  any  material  or 
supply,  machinery,  equipment,  or  additional  labor  that  could  force  you  to  modify  or 
curtail  your  operations  in  the  future? 

Yes _ ,  No _ If  yes,  please  describe  the  nature  and  duration  of  the  problem 

and  tne  precautionary  actions  you  can  take  to  ease  the  impact  on  your  operations. 


// 


11.  For  trif  i.  [lowing  ma  t  e  i  1  a  1  b  machi  ner  y  you  use)  in  the  manu  f  ac  t  j  i  ut  precision  .  >j  ■  *  1  :•  in 
1 9 fa 5 ,  name  and  give  the  location  (State  or  Foreign  Country)  of  your  top  three  su.ucs  of 
supply  and  the  percentage  of  the  total  mater lals/machinery  purchased  from  each. 


Optical  Glass 
( 8- 1 k  &  Pressings) 


IR  Material 


Machine  r  y 


12.  Do  you  have  any  sole  source  or  single  source  suppliers  for  manufacturing  equipment, 
parts,  components,  or  materials? 

Yes _ ,  No _  If  yes,  specify  the  equipment,  part,  component,  or  material,  the 

name  of  the  supplier,  and  how  the  loss  of  that  supplier  would  effect  your  operations. 


13.  TRANSPORTATION:  For  the  ftvdes  of  transportation  listed  below  used  in  shipping  inbound 
and  outbound  parts  or  materials  or  finished  precision  optic  elements  or  assemblies, 
please  complete  the  following  table. 

Typical 

Transport  Please  Check  Frequency  Distances 

Mode _  If  Used  of  Shipments  Shipped 


Truck 


Trailer  or  container 
on  fiat  car 


Combi nat i on 


Other  (specify) 


14.  Are  existing  transportation  services  and  networks  in  adequate  supply  and  condition  to 

accommodate  a  surge  or  mobilization?  Yes _ ,  No _ If  no,  please  explain 

why. 


15.  Are  any  critical  parts  or  materials  you  use  to  make  precision  optics  shipped  from 

overseas?  Yes _ ,  No _ If  yes,  please  identify  how  shipped,  (from  foreign 

source  to  your  plant) 
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PAST  IV  -  FOREIGN  RELATIONSHIPS/FOREIGN  SOURCING 
(Pari  IV  may  bi  completed  for  your  firm  as  a  whole) 


1.  Ef.er  the  location  and  primary  activity  of  any  establishment  outside  the  United  States 
that  your  firm  wholly  or  partly  owns  or  controls  or  is  affiliated  with  or  has  license 
agree~ents  with,  tr.at  manufactures  precision  optics. 


Name 


Cou  n  t  r  y 


Primary  Activity 


2.  If  any  of  the  foreign  establishments  you  listed  above  are  integrated  with  your  U.S. 

operations  on  a  normal  basis,  please  briefly  specify  the  nature  of  that  integration  in 
the  space  provided  below. 


3,  If  the  foreign  establishments  that  you  interact  with  suddenly  ceased  operations  for  an 
indefinite  period,  what  adjustments  would  you  need  to  make  in  your  U.S.  operations  to 
counteract  this  interruption,  how  long  would  it  take  to  establish  a  new  source,  and  how 
wo-ld  the  inter ruption  effect  your  surge  and  mobilization  capabilities? 


A.  In  recent  years,  have  offset  agreements  affected  your  firm?  (See  definition  of  offset 
agreement  i 


yes 


no 


If  yes,  how  (cite  examples)? 


r 


K  n  [  t  (  •  ,  iu  i  n.)  mat'  i  ul  i  ndKdtf  t  lit*  |  ■«■  i  ,  fin  .».)•*  o  t  a  m|  >oi  t  m.i  t  cr  lal  t  n  t  I t  .  • . 

matr!  i  jl  j'  •  ■  i  j  u:.e  in  tin*  manufacture  of  pre  optics. 


Optic j:  4  Filter  Glass 


IR  Material 


Metal  Mirror  Substratt 


Other  (specify) 


If  material  is  imported,  why  (e.g.,  price,  lead  time,  aval laoi 1 1 ty ,  qaality)? 


fc.  Complete  the  following  table  addressing  which  foreign  me.de  critical  manufacturing 
equipment,  parts,  components,  or  supplies  you  use  in  your  manufacturing  operations. 
Use  tne  following  coded  reasons  wnv  a  foreign  source  is  used  in  completing  the  table: 

A.  No  known  domestic  source 

B.  Domestic  source  not  available  or  inadequate 
C  Offset  agreement 

D.  Lower  cost 

E.  Quicker  delivery 
K ■  Better  quality 
G.  Othec  (specify) 


of  Origin 


For  equipment 

Are  spare  parts/maintenance 
available  only  from  a 
foreign  source? 


Reason  why 
foreign 
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PART  V  -  INDUSTRIAL  COMPETITIVENESS 
(Part  v  may  be  completed  for  your  firm  as  a  whole) 

1.  Or  tne  table  below,  rank  from  one  (the  most  competitive)  to  five  (the  least 

competitive!  each  competitive  factor  as  it  applies  to  firms  producing  precision  optics 
ir.  tr.e  United  States,  J’-an,  West  Germany,  Singapore  and  (other  of  your  choice). 


Center i : i ve  Factor 


United  States  Japan  West  Germany  Si ngapore  Other 

(  spec  i  f  y  ) 


Quality 

Inp  it  costs : 
labor 
capi tal 

optical  materials 
other  (specify) 

Delivery  (lead  time) 

Follow  up  service 

De  s  i  gr.  capability 

F-.n.  nee:  i  rg  capaoi.L'. 

C..s  o'er  satisfaction 

Trade  carriers 

Government  supcorts 


2.  What,  if  anything,  can  the  Government  do  to  help  mitigate  the  competitive 
disadvantages  of  U.S.  firms  you  indicates  above? 


H.rw  ,j.)  y,>.i  view  trie  comp-i  1 1  1  ve  prospects  tor  your  t  inn's  U.S.  precision  opticr 
opetat  ioiil  over  the  next  five  years/ 

They  should:  improve  greatly  _ 

improve  somewhat  _ 

stay  the  same  _ 

decline  somewhat  _ 

decline  greatly  _ 

Please  discuss  the  basis  for  your  answer. _ 


Profitability:  Enter  the  profitability  of  your  U.S.  precision  optics  operations  for 

the  years  indicated. 


19b 1  1982  1983  1984  1985 


Net  Sales  (  1  ) 

Cost  of  Goods  Sold  (2) 

Gross  Profit  or  (Goss)  ( J  > 
Net  Income  before  Taxes  (4) 


(1)  Inciud.ng  inter-  and  intracompany  transfers 

(2)  Includes  raw  materials,  direct  labor  and  other  factory  costs  such  as  depreciation 
and  inventory  carrying  costs. 

<3)  Difference  between  Net  Sales  and  Cost  of  Goods  Sold 

(4)  Gross  Profit  ot  (Loss)  less  general,  selling  and  administrative  expenses, 
interest  expenses  and  other  expenses,  plus  other  income 


CERTIFICATION 


Tne  undersigned  certifies  that  the  information  herein  supplied  in  response  to  this 
questionnaire  is  complete  and  correct.  The  U.S.  Code,  Title  18  (Crimes  and  Criminal 
Procedure),  Section  10C1,  makes  it  a  criminal  offense  to  willfully  make  a  false  statement 
or  representation  to  any  department  or  agency  of  the  United  States  as  to  any  matter  within 
its  jurisdiction. 


( Date ) 


(Area  Code  and  Telephone  Number) 


(Area  Code  and  Telephone  Number) 


(Signature  of  Authorized  Official) 


(Type  or  Print  Name  and  Title  of  Authorized  Official) 


(Type  or  Print  Name  and  Title  of  Person  to  Contact 
Regarding  this  Report) 


Comments:  Please  use  the  space  below  to  provide  any  additional  comments  or  information 

you  may  wish  regarding  yo-r  operations,  or  other  related  issues  that  impact  your  firm. 


-  h.' 

1*9 


i 


Form  ITA  9056 
(9  86) 


U  S  Department  of  Commerce 
Internetional  Trade  Administration 


OMB  Approval  Not 
Required:  less  than 
ten  respondents 


NATIONAL  SECURITY  ASSESSMENT  OF 
OPTICAL  MATERIALS  INDUSTRY 


THiS  REPORT  IS  REQUIRED  BY  LAW 

This  report  is  required  by  law  (50  U  S.C.  App.  Sec.  2155).  Failure  to  report  can  result  in  a  maximum 
fine  of  $1,000  or  imprisonment  up  to  one  year,  or  both  Information  furnished  herewith  is  deemed 
confidential  and  will  not  be  published  or  disclosed  except  in  accordance  with  Section  705  of  tht 
Defense  Production  Act  of  1950,  as  amended  (50  U  S  C  App  Sec.  2155). 


General  Instructions 

1  It  is  not  our  desiro  to  impose  an  unreasonable  burden  on  any  respondent.  IF  INFORMATION  IS 
NOT  READILY  AVAILABLE  FROM  YOUR  RECORDS  IN  EXACTLY  THE  FORM  REQUESTED, 
FURNISH  ESTIMATES  AND  DESIGNATE  BY  THE  LETTER  "E".  Any  necessary  comments  or 
explanations  should  be  supplied  in  the  space  provided  or  on  separate  sheets  attached  to  this 
questionnaire  Ensure  that  you  reference  the  proper  question  if  you  use  extra  sheets.  If  any 
answer  is  "none",  please  indicate. 

2.  Report  calendar  year  data,  unless  otherwise  specified  in  a  particular  question.  Please  complete 
Pans  II  and  III  /separately  for  each  of  your  establishments  that  produce  optical  materials  in  the 
United  States  Please  make  photocopies  of  forms  if  additional  copies  are  needed.  For  Parts  I,  IV 
and  V,  firms  operating  more  than  one  establishment  may  combine  the  data  for  all  establish¬ 
ments  into  a  single  report 

3  In  addition  to  the  original  report  form  to  be  returned  to  us,  a  file  copy  is  enclosed  for  your 
records  You  are  not  legally  required  to  fill  out  or  retain  this  file  copy.  While  it  would  be  a 
convenience  to  the  Government  for  a  file  copy  to  be  made  and  retained  for  reference  purposes, 
no  assurances  can  oe  provideu  that  file  copies  will  be  exempt  from  compulsory  examination  in 
the  future. 

4  Questions  related  to  the  questionnaire  should  be  directed  to  Mr  Robert  O'Shaughnessy, 
Physicist,  (201)  724-6223,  Department  of  the  Army,  Mr.  Robert  Spande,  Physicist,  (703) 
664-6665.  Department  of  the  Army,  or  Mr.  John  Tucker,  Industry  Analyst,  (202)  377-3795, 
Department  of  Commerce 

5.  Before  returning  your  completed  questionnaire,  be  sure  to  sign  the  certification  and  identify  the 
person  and  phone  number  to  contact  you r  firm 

6.  Return  completed  questionnaire  by  October  26,  1986  to: 

U  S  Department  of  Commerce 
International  Trade  Administration 
Office  of  Industrial  Resource  Administration 
Attn  Brad  Botwin,  Program  Manager  for 
Industrial  Capabilities,  Room  H3876 
Washington,  D  C  20230 


tlo 


DEFINITIONS 


9CrTUNEC*  -Cj»<ng  a  production  »».<*  •-  **•»  v  od.<:r»on  process  opei«i>o-  procedu-e  ma'ena  o«  i§bn<  rtQui*eme  n!  wflhm  you*  manufacturing  fsuNsn'T»*'i  ins’ 

w:  ._  -  .  •*’«•*.  r  f*p’-  y  de>iy  mertesec  P'0.1l.  ' 

CRITICAL  OCCUPATIONS — Includet  occupst  o"s  fO'  which  you  ■ntic»p»>p  a  pctf'ir.a:  shortage  of  queried  person'*:  du'*ng  surge  Of  fnobrk/ttion  lr  p#np-a  n»  wojd 
rt'uOf  a^^iOa''Onj  that  rtquifl  • n  tetandec  |f|»n>ng  pr.od 

ESTABLISHMENT  — Alt  faculties  *i  whicr-  optita'  materials  art  produced  Includes  «uxli«r>  facilities  operated  m  axiiunciion  with  (whether  Of  net  phwcetiy  seprere  frpmi 
sue*  pfOdurt'C”  Ooi i  net  exclude  whoi'v  mamed  <J-*t'idutioc  fserfmes 

fIRM  — An  individual  proprietorship  pt'tntftNip  (0  nt  venture  association  corporation  (including  any  subsidiary  corporation  Ml  which  moff  than  SO  preen-  0*  the 
out  stand »rg  »ot-ng  stock  is  owned  busmen  trust  cooperative  irustaas  in  bankruptcy  or  receivers  under  dame  of  any  court,  owning  o<  controlling  one  or  more 
arjfcujftn*nu  as  defined  aoc»* 

MOUSTRIAL  MODERNIZATION  INCENTIVE  PROGRAM  (IMiF)  — «MIP  a  a  jomt  venture  brwetn  Government  and  rdutfry  to  riduc*  weapon  ryrtem  acquisition  cost 
throug*  the  mc'fmmnon  of  mod*™  manufacturing  o-ocetses  and  woitsad  or  accaiaratad  capital  wvettmtms  IMiP  a  formal  utd  through  a  contractual  busman  ^reemynt 
proving  Govtnynanf  ncamrvtl  for  contractor  CJpna'  investment! 

MANUFACTURING  TECHNOLOGY  (MANTECN)— Any  actor  which  has  as  its  objective  1)  tha  umefy  astaMuhmm  pi  rprovomem  ef  tha  mwvfeetunng  processes 
tactmajues  or  xjuexmrr  moused  to  s^pon  extern  and  pn*ectad  programs  and  ?i  Che  auuranca  af  tha  abdrty  to  product  rvduca  laid  tana,  mm  aesnorme  wariabtiity  of 
and  « mi  reduce  cotu  exerttse  afhoaocy  norm*  rtii*c-‘ity  or  to  enhancs  saffty  and  am»-poMior  maasurtt 

MOHUZATION  PRODUCTION  CAPABILITY— The  maiwxum  mpfctuc  merttu  of  auviamabla  optical  watanal  production  a  annul  acturwQ  tmMuhwam  can  aehwvs  «n  the 
12  penod  tohowv^  »  declared  national  emergency  ftopon  uNmbli  emu*  m  avwege  monthly  pnductor  at  tha  and  Of  6  months.  12  months,  and  24  months  m  Pan  ll 
of  the  Questionnaire  Non-Defense  non  optica  matt'ipf  production  limned  to  25%  of  1 965  paacatima  levels  Government  financial  assistance  and  prior  it  nation  ol 
constructor  mrtnais  and  outfitting  aqmpmr^r  <s  available  You  nmmg  mtm/factixxng  buMmgs  may  bs  enlarged  new  totodmgs  conUmctad  or  amMmg  buldmgs  currently 
jied  bv  you  for  non  -nenui  act  unrig  purposes  may  be  convened  eno  maradecumng  facilities  and  plant  aqmpmerTi  acqu^td  Courier  cnucal  labor  riuMs  to  eparate  r  minmum 
austamad  production  levels  Target  ngunne"'  n  44  you-  ever aga  wcrttWy  optical  material  pro<hjcie»n  r  1 985 

OFFSET  AGREEMENTS— In  mtemet  ora-  \'K}t  •  of  vrduitrial  and  commercial  compenietioo  practices  when  mandated.  A*tClly  9  mdvactly  by  a  purchasing 
fo or  compery  u  •  condrtior'  of  pu  mast  Onsets  mdude  co-production  bcansad  production.  *ftcontranD>  pfoduciKm  aeanaat  enmetmam.  tachnoiogy  uanster 

a  ts  countnrade 

CPTlCAl  MATERIALS — Optical  matanaH  an  mrmiis  that  are  ground  polished  or  molded  from  wtech  precision  optics  an  fabneatad  Thai*  optics  an  used  to  transmit 
rv^ar  w  r^iert  hgm  r  tne  uh?a-wo'et  (G  1  tc  4  m.ctomatrn  mibie  (0  4  to  0  7  avaomatanl.  near  ertrared  (0  7  to  3  0  iimsamturi)  and/or  arharad  (3  0  to  16 
m*crynrr$  iper^'i 

PRACTICAL  CAPACriY — Sometmei  nrtrred  tc  as  angmaamg  or  daugn  opatrry  this  a  the  greeter  level  of  output  this  plant  can  edema  wrthm  the  fnmawort  of  a 
reat-nx  wort  pattern  lr  attanatrg  practicai  capacrty  please  taka  *no  account  the  todcrwtng  conadarations 

1  unje-  mor  exam  ranees  assume  your  1385  product  mu  M  no  product  or.  toe*  place  m  1985  of  a  particufr  it  am  or  group  of  Rams  wfech  you  have  »  w»H  have  the 

tap \z  produce  and  can  artic^ett  rtcervm^  orde't  <01  m  tha  future,  exclude  •  reasonable  Quantity  as  pan  of  you'  1985  product  mu 

2  Conuder  omy  the  machmory  end  aqu^mem  r.  place  and  reedy  to  oparrs  Dc  not  conseJm  f*olft«s  which  h»ve  bean  mopritrvi  for  a  tong  penod  of  one  and  thareton 

mquKi  extent^e  reeonditjonmg  bafora  they  cm  be  made  openvvi 

3  Tile  *no  accoum  the  addrtwji  dovwnen*  for  maettanarct.  mpar  *  dam-n>  w+nch  wou«  be  raguod  «  you  move  from  currant  apentans  to  WI  e^iacrty 

4  Dc  not  cons^'  ovartimt  pay  wktod  corn  hx  metanais.  or  othr  costs  to  be  fanning  factors  *>  wrung  opacity 

5  Although  n  may  be  posatole  to  expend  plant  output  by  uerg  preductwe  faoMies  outndt  of  the  plant,  such  as  by  contracting  out  auhauantty  wort,  ip  not  ausanc  tha  use  of 
tuch  outside  fac3ln*i  m  greet r  proporuon  thar  has  been  dvaractenst*  of  your  ope<rcns 

PRODUCTION  WORKERS — Parsons  up  through  tha  to*  auperv'sor  toval.  engaged  m  fabneetmg  proceiwng  naambfetg  rapectmg.  moavasg.  storng  handing  pack  mg 
waret-oung  v  shaping  In  «W r*jn  parsons  engaged  at  aup^ortmg  acttvrtm  such  as  mwntenance  n^m  product  development  aoohary  prediction  far  jw  frm  s  own  uu 
rm-onj  aap-ng  and  othr  temcn  dosTy  auoofted  wtth  produa«n  oprrons  et  jmur  h m  Empfoyaai  above  the  working  apervuo  tovaf  are  aartudad  from  tha  rtm 

REPAID  TECHNOLOGY  (REPTlCH)^Praiects  which  mprtme  000  overhaul  and  rapa»»  oprei»ons 

RESEARCH  AND  DEVELOPMENT — Research  and  dratopmem  asdudai  ba«  and  9Pl«d  rtaaarch  ai  tha  toancas  and  r  angmaanng.  and  das^n  and  develop  men!  o* 
prottryw  products  ard  proceswt  For  the  purposes  of  this  guattxrmjoe  rasaarch  and  development  excludes  activniti  earned  on  by  peraons  tramad  anhr  formally  r  by 
tspentnee  m  the  physical  snencas  mdudmg  rairrt  angmaarxng  if  tha  purpose  3^  such  actrvrty  n  to  do  one  or  mor?  of  the  followxng  things 

1  FViue  i  planned  saarcT  for  new  toxowtodge  wtxrhe*  or  not  the  search  has  rtfr^nc*  to  a  apolicatior' 

2  Aop’v  luring  iuxswvtaqge  to  problems  rvofver  r  m*  crtltor  of  »  new  produc*  or  process  nrkjdmg  wort  rsgured  to  evaliiate  possible  uses 

3  ApcU  votftfxg  knowtodge  to  problems  eivotved  r  (he  enpr current  q|  t  preeent  produce  or  process 

ICfENTfS’S  AND  ENGINEERS— fart  or  1  angegr^  r  rrseref  and  «Wve»op  mm  wort  or  production  apmoni  ihei  have  ft  toast  •  faryaw  cMtoga  eviction  r  the 
pnysicji  k>  nce«  w  erxgjixef'tng 

SHIPMENTS — Rape"’  «jrvr  and  dofUr  mdueJ  <d  domtncaMy  produced  opiici  mrnais  theped  by  your  hrm  during  the  reportng  penod  for  each  tdtagory  tor  qwstions  r  Pan 
1  Sue*  sh^me-'s  should  wcJuda  enar-piam  and  ertra-planr  trenjfers  ber  should  nrtuO  ttvpmenis  of  products  produced  by  other  mamfactirtrs  for  issah  imdr  ynr  brand 
name  Dc  nci  ad  .r  for  rr  j"xed  shipme-'s 

SINGLE  SOI  RCE  —An  currtnty  be"^  Purrhased  from  on*  source  othe>  sources  may  be  tvadabii  however  they  may  not  be  gjobhod  or  mn  not  consafred 
SURGE  RRC0UCTI0N  CAPABflfTY—  -ht  m#..nur  suttamab-f  leve'  of  apticei  prodcrtxr  that  cart  be  achieved  wrjfen  an  netrg  tftjMrshmem  by  fh*  end  of  fhf  6 

merr*  penoo  mmedi’e'y  following  urge  dry  whne  mamteming  dtl'vt'ies  of  af>  othr  materials  ai  1985  paacatene  levels  Rapon  achwvaMa  pnArctwn  jpiantrties  o4  opiica- 
mrrn  1  t*f  t**  c*  2  rror,*hi  a^C  6  ir  Pi-i  H  o*  rhe  ojeirionnar'f  P*oairtmeni  ectioni  fx  addrtejnsl  materials  to  A/ftix!  surge  pratkiction  levels  will  be  exrtutfd  rxr 

mrgy  fii*  E»»-  id't  eou'C'r','!!  m»v  be  aft  vre-  u  *j  repa'fd  y  upgraded  end  rxcugf'  mro  service  o<  used  aouipmeot  may  bt  purchaaad  and  eittalied  if  possible  wnV 
t  i*amf  ;ab'-  ^ir  he  *  e  :  »renec  r  number  suh-'iie'ii  ic  opreie  round  ih«  dock  and  weekends  allowifXQ  for  necessary  agjfuntm  mamte-iancf  and 

Or*,  -  -•  *»•;■  e; .-•e-'-r-  j  2*  ynu1  eve'tgr  Tio>'r»->  oc--r.i  mre-it1  p*oC-.r‘«V' t*  19f(‘ 

T£CMN0^0Gy  MODERNIZATION  'TfCH  MOO  T*»e  couv  •  •?  0*  'jr  '>  enple'nentri.?  o'  tfvj-ired  marVirtu'-ng  ttchno'ogy  by  prmnd-n;  w  .f.  1 

~r ■'.ap',s!^a’‘0' 

SOl?  S0UACF  A-  '•-  be--xg  p*j’Chase"  ■•■t  1  nr  t'ody  (■(;*-•  "»  #»  <‘”- 

VH- T  {  “  ST  A  T  f  r.  -  T*.f  'f  vrff<  r>  IV  ':'l,  j  •  O*  ff’-  ^b'i  IV  IV  V  'k 


I  3-  / 


I  I  .< 


1  .  Nart 


;  :  r  e of 


i  lai :  i  .  ■  r 


>r  corporal*'  - 1  i  i  .  r> 


If  your  firm  is  wholly  or  partly  owned  by  another  firm,  indicate  the  name  and  a: 
of  the  parent  firm,  and  extent  of  ownership. 


2.  Identify  t  •  •/  location  of  /•  . :  optical  materials  nan.  £  actor  i  no 
United  S f  a  t  e  a  .  (See  def  i  n  i  •  i  on  of  optical  materials.’. 


,1  i  snment  (  ir,  i  : 


Zip  c:..;e 


* 


3.  Identify  any  U.S.  man u f act u r i ng  establishments  in  which  you  cea.ed  optical  material: 
production  operations  since  i  960  and  the  reason  production  was  stopped. 


PA  ST  1 


SHI  PM  f.rs  {POUNDS 


A  . 


Enter  tctai  shipments  cf  o;  •  .cal  materials  1  n  p.  jnds  except  preshaped  blanks  t'  ut, 
be  ir,ju  i-.eJ  ty  units. 


I^oi 


1.  Optical  Blanks  (Visible,  near  IP  spe.rtia), 

all  glass  types  except  for  absorption  filters. 

a.  Pre shaped  Lens  Bla-xs  (size  to 
fabricate  lens):  all  grades. 


i  1  1  Sr, a  1 1  (  unde  r  .S’  0.  D  .  / 

I  •  Medi  urr.  (  .  5  to  *  <0.1*.  ) 

(  3  ‘  Large  C  to  t ’  O.P. ) 

(4  Very  Large  (..-r  8"  0.:..  ) 


1  )2 


l<ib  3 


1  484 


( 1 /  Grade  A 
I  1 .  G: ace  B 
l i i  Grade  C 
( 4 i  Grade  D 
(St  Other  grade: 

c.  Gobs 

i  .  Grade  A 
!  1 >  Grade  B 
( 3 )  Grade  C 
(4  Gr  ade  D 
( 5  *  Other  grade: 

d .  Slats 

( 1 >  Grade  A 
(  .  '  Gr  ade  8 
i  *  ■  G  r  3  J 


J  •'  . 


I  . 


I  -I  I  i,.'  .i.i.  I> 

i  /  u  t  n  -  :  grades  _  _ 

e .  S  n  e  >*  t  s 

( 1  I  1,1  i  !••  A  _  _ 

(2>  Grade  B  _  _ 

(3)  Grade  C  _  _ 

(4)  Grade  D  _  _ 

(5)  Ocher  grades  _  _ 

2.  Zinc  Selenide,  Zinc  Sulfide,  Ge  r  ma  ni  uir. , 

Silicon  Optical  Grade  IK  Materials 

a.  Lenses,  preshaped  blank  (size  to  fabricate  lens) 

(1)  St, all  (under  1"  O.D.)  _  _ 

(2)  Medium  (1*  to  2.5"  O.D.)  _ _  _ 

(3)  Large  (2.5*  to  b"  C.D.)  _  _ 

(4)  Very  Large  (6*  to  li*  O.D.)  _  _ 

b.  Windows  (when  non-circular  use  smallest  O.D.  dimension) 

(  1  )  Sir, a  1  1  (  under  L  ’  0.  D.  , 

under  0.080"  thick)  _  _ 

(2)  Medium  (1“  to  2.5"  O.D., 

under  0.200*  thick)  _  _ 

(3)  Large  (2.5"  to  6"  O.D., 

under  0.500"  thick)  _  _ 

(4)  Very  Large  (6*  to  12"  O.D. 

under  1.50’  thick)  _  _ 

c.  Prisms  (blanks  sized  to  fabricate  2  prisms) 

(1)  Small  (under  .5  sq.  m. 

face)  _  _ 

(2)  Medium  (.5  to  1  sq.  in. 

face)  _ _  _ 
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I9ai 


198 


1983 


1984 


1 96  S 


(  j  >  Large  (1  to  *  :-q.  in. 
face ) 


(4)  Very  Large  (over  2  sq.  in. 
f  ace ) 


3.  Ultraviolet  (specify  material  in  space  at  bottom  of  page) 

a.  Blanks  (sized  to  fabricate  windows  -  when 

non-circular  use  smallest  O.D.  dimension,  lenses) 

(1)  Small  (under  .5*  O.D.  ) 


(2)  Medium  (.5*  to  1*  O.D.) 


( 3)  Large  ( 1  *  to  3*  O.D.) 


(4)  Very  large  (over  3*  O.D.) 


b.  Prism  Blanks  (sized  to  fabricate  2  prisms) 

(1:  Small  (under  .(  sq.  in. 

face ) 


(1)  Medium  (.S  to  1  sq.  in. 

face ) 


(3)  Large  (1  to  1  sq.  in. 
face ) 


(4)  Very  Large  (over  2  sq.  in. 
face) 


-4  - 


J 


» 


I 


PAPT  1 


B.  SHIPMENTS  l DOLLARS) 


Enter  t-tjl  rl  ll.it  shipment:.  ot  n  jl  BaUMjl'j. 

19B1 

i.  Optics!  Blanks  (Visible,  near  IK  spectra), 

all  glass  types  except  for  absorption  filters. 

a.  Preshaped  Lens  Blanks  (size  to 

fabricate  lens):  all  grades. 

(1)  Small  (under  .S‘  O.D.)  _ 

(2)  Medium  (.S  to  2*  0.3.)  _ 

(3)  Large  (2  to  8"  O.D.)  _ 

(4)  Very  Large  (over  8"  O.D.)  _ 

b.  Strips 

( 1  )  Grade  A  _ 

(2)  Grade  B  _ 

( 3 )  Grace  c  _ 

(4)  Grade  D  _ 

(5)  Other  grades  _ _ _ 

c.  Gobs 

(1)  Grade  A  _ 

(2)  Grade  B  _ 

(3)  Grade  C  _ 

(4)  Grade  D  _ 

(5)  Other  grades  _ 

d.  Slabs 

( 1 )  Grade  A  _ 

(2)  Grade  B  _ 

(3)  Grade  C 
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1981 


1982 


1983 


1984 


1985 


( 4 1  Grade  D  _ 

(5)  Other  grades  _ 

e.  Sheets 

(1)  Grade  A  _ _  _ 

(2)  Grade  B  _ _  _ 

13)  Grade  C  _  _ 

(4)  Grade  D  _  _ 

(5)  Other  grades  _  _ 

2.  Zinc  Selenide,  Zinc  Sulfide,  Germanium, 

Silicon  Optical  Grade  IR  Materials 

.i.  Lenses,  preshaped  clank  (size  to  fabricate  lens) 

(1)  Small  (under  1*  O.D.)  _  _ 

(2)  Medium  (1*  to  2.5*  O.D.)  _  _ 

(3)  Large  (2.5*  to  6*  O.D.)  _  _ 

(4)  Very  Large  (6*  to  12*  O.D.)  _  _ 

b.  Windows  (when  non-circular  use  smallest  O.D.  dimension) 

!  1  )  Small  (under  1*  O.D., 

under  0.080*  thick)  _  _ 

(21  Medium  (1*  to  2.5*  O.D., 

under  0.200*  thick)  _ _  _ 

(3)  Large  (2.5*  to  6*  O.D., 

under  0.500’  thick)  ___  _ 

(4)  Very  Large  (6*  to  12*  O.D. 

under  1.50*  thick)  _  _ 

c.  Prisms  (blanks  sized  to  fabricate  2  prisms) 

(1)  Small  (under  .5  sq .  in. 

face)  _  _ 

(  4.  .  Medium  (.5  t  •  .  .  in. 

f  a  '  e  )  _ 

(i 


I4bi 


198.' 


i  9b  < 


1984 


l  S  '  La :  j  f  l  I  to  2  s  q  .  i  i  j  . 
face) 


(4)  Very  Large  (over  2  sq.  in. 
f  ace  ) 


Ultraviolet  (specify  materials  in  space  at  bottom  of  page) 

a.  Blanks  (sized  to  fabricate  windows  -  when 

non-circular  use  smallest  O.D.  dimension,  lenses) 

(1)  Small  (under  .5*  O.D.)  _  _ 


(2)  Medium  (.5*  to  1*  O.D.) 


(  3 )  Large  ( 1  *  to  3"  O.D.) 


(4)  Very  large  (over  3*  O.D.)  _ 

D.  Prism  Blanks  (sized  to  fabricate  2  prisms) 

(1)  small  (under  .5  sq.  in. 

face)  _ 


(2)  Medium  (.5  to  1  sq .  in. 
face) 


(3)  Large  (1  to  2  sq.  in. 
face) 


(4)  Very  Large  (over  2  sq.  in. 
face) 
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PART  II  -  A.  PEACETIME  CAPACITY 

B.  SURGE  AND  MOBILIZATION 
PRODUCTION  CAPABILITY 

INSTRUCTIONS 

o  Complete  Parc  II  for  each  establishment  that  manufactures  optical  materials, 
o  Report  calendar  year  data,  unless  otherwise  specified. 

o  If  information  is  not  readily  available  from  your  records  in  exactly  the  form 
requested,  furnish  estimates  and  designate  by  the  letter  *E*. 
o  Do  not  leave  questions  unanswered.  Enter  “none"  where  appropriate. 

(>  Photocopy  this  section  as  necessary. 

ESTABLISHMENT  IDENTIFICATION 


(Locality)  (State!  (Zip  Code) 


A.  PEACETIME  CAPACITY 

What  is  your  annual  practical  capacity  for  producing  optical  materials  in  the  following 
size  and  spectral  ranges.  Entec  practical  capacity  in  pounds  of  optical  materials 
except  preshaped  blanks  -rich  shall  be  indicated  by  units.  (See  definition  of  practi - 
capacity.  ) 

1.  Optical  Blanks  (Visible,  near  IP  Spectra).  All  glass  types  except  for  absorption 
filters. 

a.  Preshaped  Lens  Blanks  (size  to  b.  Strips 

fabricate  lens):  all  grades 


( 1 ) 

Sma 1 1  ( under  . S  * 

0.  D. 

(  1  ) 

Grade 

A 

(  2  ) 

Medium  i . 5  to  2  * 

0.  D.  ) 

_  (2) 

Grade 

B 

(3! 

Large  (2  to  6  *  0, 

.  D.  ) 

(3) 

Grade 

C 

(  4  i 

Very  Large  (over 

8'  0. D. ) 

(4) 

Grade 

D 

(5  ) 

Other 

Grades 

Guos 

d.  Slabs 

(  1  ) 

Grade  A 

(1) 

Grade 

A 

(  i  ) 

Grade  B 

12) 

Grade 

B 

<  • ; 

Grade  C 

_  (3) 

Gr  ade 

C 

i  4  . 

Gt *3“  . 

(  4  ) 

Grade 

D 

(  i  ’ 

Other  grader. 

(5) 

Ot  he  r 

grades 

/ 


e  .  S  h  e  e  t 


( 1 ) 

or  ddt 

A 

Wt  . 

i  n 

Ids 

1  2  ) 

Gr  ade 

B 

Wt . 

i  n 

lbs 

(3) 

Cr  ade 

- 

Wt  . 

l  n 

1  L>S 

(4) 

Grade 

D 

wt . 

in 

IDS 

(5) 

Other 

grades 

Zinc  Selemde,  Zinc  Sulfide,  Germanium,  Silicon  Optical  Grade  1R  Materials. 

a.  Lenses,  preshaped  clank  (size  to  b.  Windows  (when  non-circular  use 

fabricate  lens)  smallest  O.D.  dimension) 

(1)  Small  (under  1*  O.D.) 

( 2)  Medium  (1*  to  2 .  b  *  O.D.  ) 

(3)  Larne  (1.5*  to  6*  O.D. ) 

(4)  Very  Large  (6*  tc  12*  O.D.) 


c.  Prisms  iDlanks  sized  to  fabricate  2  prisms! 

(1)  Small  (under  .5  sq.  in. 

face)  _ 

(2)  Medium  (.5  to  1  sq.  in. 

face)  _ 

l 3 )  Large  (1  to  2  sq .  in. 

f  ace  )  _ 

(4)  Very  Large  (over  2  sq.  in. 

face)  _ 


(1)  Small  (under  1*  O.D., 

under  0.080*  thick) 

(2)  Medium  (1*  to  2.5*  O.D., 

under  0.200*  thick) 

(3)  Large  (2.5*  to  6*  O.D. , 

under  0.500*  thick) 

(4)  Very  Large  (6*  to  12*  O.D,, 

under  1.50*  thick) 


3.  Ultraviolet  (specify  material) 

a.  Blanks  (sized  to  fabricate  windows  -  b.  Prism  Blanks  (sized  to  fabricate 

wnen  n^n-circular  use  smallest  O.D.  2  prisms) 

dimension,  lenses) 


(1)  Small  (under  .5*  O.D.) 

(2)  Medium  ( .5*  to  1*  O.D. ) 

(3)  Large  (1*  to  3*  O.D.) 

(4)  Very  large  (over  3*  O.D.) 


(1)  Small  (under  .5  sq.  in. 

face 

(2)  Medium  (.5  to  1  sq.  in. 

face) 

(3)  Large  (1  to  2  sq.  in. 

face) 

(4)  Very  Large  (over  2  sq.  in. 

face ) 
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Ente:  belo w  factors  »'  ,ch  would  i  nc  r  ease  /dec  r  ease  capacity  figures  given  aDOve.  (e.g. 
material,  length  of  production  run,  etc.) 


a.  Wr.at  was  this  estabi ishment ' s  practical  capacity  utilization  rate  in  percent  in 

1935? 


t . 


Practical  Capacity  Utilization:  _ %  1985 

How  long  would  it  take  to  reach  practical  capacity  from  the  1985  rate  indicated? 
( i n  wee ks  ) 

Weeks 


jrir.g  1  935,  what  was  your  av-ocage  lead  time  (i.e.,  from  receipt  of  order  to 
riivery  to  cus  t  one  r  :  ? 

Weeks 

regarding  your  longest  lead  time  items,  list  the  type  of  materials, 
tee  average  lead  time  during  19c5,  and  describe  how  tnat  lead  time 
be  significant  !y  snortened. 

1985 

Type  Average 

of  Material  Lead  Time  Ho-  to  Shorten  Lead  Time 

( speci fy  i 


\  r  t>  leag  times  increasing?  Yes  ,  Nu  _  If  yes,  what  are  the  reasons? 


B.  SURGE  AND  MOBILIZATION  PRODUCTION  CAPABILITY 


Enter  iy  l  u'Jl  ma t  e  r l a  1  s  u :  je  and  moDilUJl  ion  production  c<i|mii  hues  bei o» . 

lbbS's  average  monthly  production  of  optical  material  for  each  category  shown  on  ft 
table  as  your  Ease  production  rate.  Enter  production  rates  in  poun  L  of  optical 
material-  except  preshaped  blanks  which  shall  be  indicated  by  units. 

(See  definition  of  surge  and  mobilization  production  capability.) 


Surge  Rate 

Base  at  3  at  6 

Rate  mo  ■  s _ mo  ■  s 

1.  Optical  Blanks  (Visible,  near  IR  Spectra) 

(All  glass  types  except  for  absorption  filters) 

a.  Preshaped  Lens  Blanks  (size  to 
fabricate  lens):  all  grades. 

ill  Small  (under  .S’  O.D.)  _  _  _ 

(1j  Medium  (.5  to  2’  O.D.)  _  _  _ 

(3)  Large  (2  to  8*  O.D.)  _  _  _ 

(4>  Very  Large  (over  8*  O.D.)  _  _  _ 

d .  Strips 

(.)  Grade  A  _  _  _ 

(^/  Grade  B  _  _  _ 

l  3  >  Grade  C  _  _  _ 

(4:  Grade  D  _  _  _ 

(8)  Ottier  grades  _  _  _ 

c .  Go  n  s 

(1)  Grade  A  _  _  _ 

(2)  Grade  B  _  _  _ 

(3)  Grade  C  _  _  _ 

(4)  Grade  D  _  _  _ 

(8)  Other  grades  _  _  _ 


Mob  Rate 
at  6  at  12 

mo .  s  mo . s 
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Base 

Rate 


Surge  Rate  Mot)  Rate 

at  3  at  6  at  6  at  12  at  2 4 

wo  •  s _ mo .  s  mo .  s  mo .  s  mo .  s 


d.  Slabs 

ll)  Grade  A  _ 

(2)  Grade  B  _ 

(3)  Grade  c  _  _ 

U)  Grade  D  _  _ 

Id)  Other  grades  _  _ 

e.  Sheets 

(1)  Grade  A  _  _ 

(2)  Grade  B  _  _ 

(3)  Grade  C  _  _ 

(4)  Grade  D  _ _  _ 

(b)  Other  grades  _  _ 

2.  Zinc  Selenide,  Zinc  Sulfide,  Germanium, 

Silicon  Optical  Grade  IR  Materials 

a.  Lenses,  preshaped  blank  (size  to  fabricate  lens) 

(1)  Small  (under  1*  O.D.)  _  _ 

(2)  Medium  (1’  to  2.5"  O.D.)  _  _ 

(3)  Large  (2.5*  to  6’  O.D.)  _  _ 

(4)  Very  Large  <6*  tc  12*  O.D.)  _  _ 


b.  Windows  (when  non-circular  use  smallest  O.D.  dimension) 


(1)  Small  (under  1*  O.D., 

under  0.080*  thick) 

(2)  Medium  (1*  to  2.5*  O.D.  , 

under  0. 200  ’  thick ) 


3 ) 


Large  ( ^  .  b *  to  b  * 
unciei  0.500* 


.  D.  , 


i  2 


r,  i  c  k  ' 


Sur  je  Rat  e 
at  t  at  6 

mu  .  s  mo . s 


141  Very  Large  (0*  to  1 2 *  O.O. 

under  i.SU*  thick) 


Prisms  (blanks  sized  to  fabricate  2  prisms) 

(1)  Small  (under  .5  sq.  in. 

face)  _ 

(3)  Large  (1  to  2  sq.  in. 

face)  _ 


(2)  Medium  (.5  to  1  sq.  in. 
face ) 

14)  Very  Large  (over  2  sq.  in. 
face ) 


3.  Ultraviolet  (specify  material) 

a.  Blanks  (sized  to  fabricate  windows  -  when 

non-circular  use  smallest  O.D.  dimension,  lenses) 


Base 

Rate 


t>. 


(1)  Small  (under  .5*  O.D.)  _ 

(2)  Medium  (.5*  to  1*  O.D.)  _ 

(3)  Large  (1*  to  3*  O.D.)  _ 

(4)  Very  large  (over  3*  O.D.)  _ 

Prism  Blanks  (sized  to  fabricate  2  prisms) 


Mob  Ra-  <• 
at  6  at  1  . 

mo .  s  n.o .  ‘ 


(1)  Small  (under  .5  sq.  in. 

face) 

( 2 )  Medi urn  ( . S  to  1  sq .  in. 

face ) 

( 3)  Large  (1  to  2  sq.  in. 

face ) 

(4)  Very  Large  (over  2  sq.  in. 

face ) 
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4.  List  and  tank  tne  bottlenecks  you  envision  would  be  encountered  in  a  surge  an;  tne  time 
and  cost  to  correct.  Rank  bottlenecks  in  order  of  occurrence.  If  the  answer  is 
•none',  please  indicate.  Refer  to  definition  of  bottleneck. 


Area  of  Time  and  Cost 

Occurrence  Bottleneck  (specify)  Rank  to  Correct 


Raw  Materials 
Handling 

Crystal  Growing 

Processi ng 

Inspect  ion 

Testing 

Support  otker 
tna^  Clerical 
or  Administrative 


5.  List  and  rank  the  bottlenecks  you  envision  would  be  encountered  in  a  mobilization  and 
the  time  and  cost  to  correct.  Rank  bottlenecks  m  order  of  occurrence.  If  the  answer 
is  “none*,  please  indicate.  Please  refer  to  definition  of  bottleneck. 

Area  of  Time  and  Cost 

Occurrence  Bottleneck  (specify)  Rank  to  Correct 


Raw  Materials 
Handling 

Crystal  Growing 

Processing 

Inspect  ion 

Testing 

Support  other 
than  Clerical 
or  Administrative 


6.  What  can  the  Government  and/or  your  firm  do  to  help  reduce  or  eliminate  bottlenecks? 


PAi-  J  III  -  INVESTMENT,  EQUIPMENT,  Rib,  TECHNOLOGY,  EMPLOYMENT,  SUPPLIERS, 

MATERIAL  USAGE,  TRANSPORTAT ! ON ,  AND  GOVERNMENT  SPONSORED  PROGRAM:, 

INSTRUCTIONS 

o  Coir, pltre  Part  III  for  each  establishment  that  manufactures  optical  materials, 
o  If  inforaiation  is  rot  reuuily  available  f  i  om  your  records  in  exactly  the  form 
requested,  furnish  estimates  and  designate  by  the  letter  *E*. 
o  Enter  ‘none*  where  appropriate. 

ESTABLISHMENT  IDENTIFICATION 


( Local! ty ) 


(State ) 


(Zip  Code) 


1.  INVESTMENT:  Enter  expenditures  for  new  plant,  machinery,  and  equipment  from  1981 

through  1985  as  requested  below.  Enter  any  government  investment  expenditures  at  ycir 
establishment  separately. 

Private  Investment  Expenditures 
(in  thousands  of  dollars) 

1981  1982  1963  1984  1985 


Plant 

Machinery  and  Equipment 
Total : 


Government  Funded  Investment 
(in  thousands  of  dollars) 

1981  1982  1983  1984  1985 


Plant  _  _  _  _  _ 

Machinery  and  Equipment  _  _  _  _  _ 

Total: 

2.  Planned  expansion:  Enter  percentage  increase  (•*■  )/decrease  (- )  in  practical  production 
capacity  planned  for  in  the  time  frames  indicated. 

Change  in  Cost  of 

Capacity  Change  Description  and  Reason  for  Change 


In  one  year 
In  two-three  years 
In  over  three  years 
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AGE  OF  CAPITAL  EQUIPMENT:  Enter  the  number  of  machines  you  have  in  each  age  interval 
on  the  table  below. 

Age  Intervals 

0-4  5-9  10-19  20  yrs 

Capital  Equipment  yrs  yrs  yrs  fc  up 

Furnaces 

Annealing  Ovens  _  _ 

Vacuum  Chambers 

Other  (specify)  _  _ 


RESEARCH  and  DEVELOPMENT:  Enter  research  and  development  expenditures  from  1981 
through  1985  as  requested  below.  Enter  any  government  funded  expenditures  separately. 
(See  definition  of  research  and  development.) 

Private  Funded  Research  and  Development  Expenditures 
(in  thousands  of  dollars) 

1981  1982  1983  1984  1985 


On  Materials 
On  Processes 
Other 


Total : 


Government  Funded  Research  and  Development  Expenditures 
(in  thousands  of  dollars) 

1981  1982  1983  1984  1985 


On  Materials 
On  Processes 
Other 


Total : 


NEW  TECHNOLOGIES:  List  specific  new  technologies  for  increasing  production  of  optical 
mat;rials  you  would  be  most  interested  in  acquiring. 


b.  EMrUu  MEN  r :  Enter  the  number  of  employees  from  1961  through  l^bS  as  requested  oel  i- . 
(See  definition  of  Scientists  and  Engineers,  and  Production  Workers) 


Scientists  and  Engineers 


Production  workers 


Administration  and  Other 


Total : 


7.  a.  Enter  work  force  shift  information  below.  (See  definition  of  production  workers) 


Operation _ 

Raw  Materials 
Handl 1 ng 

Crystal 
Growi ng 

Processi nq 

Inspection 


Testing  __ 

Support  other 
than  Clerical 
or  Admin¬ 
istrative 


Average  Number  of  Production 
Workers  per  Shift  in  1985 
1st  2nd  3rd  day s/wk 


Number  of  Production  Workers/Shift 
if  Operating  at  Practical  Capacity 
1st _ 2nd _ 3rd  days/wk 


b.  Assuming  you  were  operating  one  eight  hour  shift  five  days  per  week,  how  much 
additional  production  (expressed  as  a  percent  increase)  could  you  acheive  if: 


You  added  a  second  eight  hour  shift? 

You  added  a  second  and  third  eight  hour  shift? 


percent 


percent 


c.  Please  use  space  below  for  any  additional  explanatory  comments  you  have  regarding 
the  work  force  shift  information  given  in  (7a.  or  b.)  above. 


-  17  - 


8. 


CRITICAL  OCCUPATIONS: 


List  Delow.  (See  definition  of  critical  occupations) 


Job  Title 


Number  Number  Needed  Training  Period 

Employed  in  a  Surge  (in  months ) 


9.  INVENTORY;  For  the  following  materials,  how  much  of  an  inventory  do  you  norma' 
maintain?  (in  days  supply) 

Germanium  Concentrate  _  Zinc  Metal  _  Hydrogen  Selenide 

Hydrogen  Sulfide  _  Silicon  Starting  Materials  _  Other  (Specify)  _ 

what  factors  influence  yojr  inventory  policy  for  these  materials  (e.g.,  availability, 
tax  policies,  minimum  purchase  quantities,  etc.)? 


10.  SUPPLIERS:  For  the  following  materials/machinery  you  used  in  the  manufacture  of 

optical  materials  in  198$,  name  and  give  the  location  (state  or  foreign  country)  of 
your  top  five  sources  of  supply  and  the  percentage  of  the  total  materials/machinery 
purcnesed  from  each. 

Materials  Machinery 


11.  Have  you  in  the  past  five  years  experienced  shortages  or  extended  leadtimes  in 
obtaining  any  material  or  supply,  machinery,  equipment,  or  additional  labor  that 
forced  you  to  modify  or  curtail  your  operations? 

Yes _ ,  No _  If  yes,  list  below.  Identify  the  nature  and  duration  of 

the  problem  on  your  operation  and  the  action  you  took  to  resolve  the  situation. 


’ 
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li.  Do  you  dnf  icipate  any  shortages  or  extended  lejiHmer  in  obtaining  any  material  or 
supply.  machinery,  equipment,  or  additional  labor  that  coui.i  t urce  you  to  modify  o' 
curtail  your  operation;,  m  the  future.’ 


Yes _ ,  No _  If  yes,  please  describe  the  nature  and  duration  of  trie  pr-:  .  e 

and  the  precautionary  actions  you  can  take  to  ease  the  impact  on  your  operations. 


13.  Do  you  have  any  sole  source  or  single  source  suppliers  for  manufacturing  equipment, 
parts,  components,  or  materials? 

Yes _ ,  No _  If  yes,  specify  the  equipment,  part,  component,  or  material,  the 

name  of  the  supplier,  and  how  the  loss  of  that  supplier  would  effect  your  operations. 


14.  TRANSPORTATION:  For  the  modes  of  transportation  listed  below  used  in  shipping  inbound 
and  outDound  materials  or  parts,  please  complete  the  following  table. 

Typical 

Transport  Please  Check  Frequency  Distances 

Mode  If  Used  of  Shipments  Shipped 

Truck  _ 


Rail 


Trailer  or  container 
on  flat  car 

Ai  r 


Combi nat ion 


Other  (specify)  _  _  _ 

15.  Are  existing  transportation  services  and  networks  in  adequate  supply  and  condition  to 
accomodate  a  surge  or  mobilization? 

Yes _ ,  No _  If  no,  please  explain  why  _ 


16.  Are  any  critical  parts  or  materials  you  use  to  make  optical  materials  shipped  from 
overseas  ? 

Yes _ ,  No _ If  yes,  please  identify  how  shipped,  (from  foreign  source  to 

your  plant) 

-  19  - 


'■/A 


17.  GOVERNMENT  SPONSORED  PROGRAMS:  (i.e.  IMIP,  TECH  MOD,  MANTECH,  REPTECH  -  See 

def  mit  ions  ) 

a.  Are  you  currently  involved  in  a  Government  sponsored  modernization  program  with 
respect  to  your  optical  material  manufacturing  operations?  yes  _ ,  no  _ 

fc.  How  beneficial  do  you  feel  Government  sponsored  modernization  programs  are? 


c.  Wmch  programs  could  help  your  firm? _ 

d.  Will  they  result  in  reduced  lead  times?  _ 

Will  they  lower  production  costs?  _ 

Will  they  lower  optical  material  prices?  _ 

Will  they  nelp  you  compete  on  the  world  market?  _ 

e.  What  problems  otiil  exist  that  these  programs  do  not  address? 


1‘AIV  I  IV  -  (-OKEIUN  KELA  IMONSli  I  I':.,  KOhtk.N  WK  INi. 
(Pact  IV  Hi jy  be  completed  foi  yojc  film  as  .1  wl,.>le) 


1.  Enter  tut  location  and  pi  unary  activity  of  any  establ 1 sliment  outside  the  Unite  1  States 
tnat  your  firm  wholly  or  partly  owns  or  controls  or  is  affiliated  with  or  has  icense 
agreements  with,  that  manufactures  optical  materials,  or  supplies  raw  materials  from 
wnich  optical  materials  are  manufactured. 

Name  Country  Primary  Activity 


If  any  of  the  foreign  establishments  you  listed  above  are  integrated  with  your  U.S. 
operations  on  a  normal  basis,  please  briefly  specify  the  nature  of  that  integration  in 
the  space  provided  below. 


If  tne  foreign  establishments  that  you  interact  with  suddenly  ceased  operations  for  an 
indefinite  period,  what  adjustments  would  you  need  to  make  in  your  U.S.  operations  to 
counteract  this  interruption,  how  long  would  it  take  to  establish  a  new  source,  and  how 
would  the  interruption  effect  your  surge  and  mobilization  capabilities? 


4.  In  recent  years,  have  offset  agreements  affected  your  firm?  (See  definition  of  offset 
agreement ) 


Yes  , 


No 


5.  Indicate  the  percentage  of  imported  material  to  the  total  material  you  use  in  the 
manufacture  of  optical  materials  by  type. 


Metals 


Concentrates 


Catalysts 


If  material  is  imported,  why  (e.g.,  price,  lead  time,  availability,  quality)? 


6.  Complete  the  following  table  addressing  which  foreign  made  critical  manufacturing 

equipment,  parts,  components,  or  supplies  you  use  in  your  manufacturing  operations.  Use 
the  following  coded  reasons  why  a  foreign  source  is  used  in  completing  the  table: 

A.  No  known  domestic  source 

B.  Domestic  source  not  available  or  inadequate 

C.  Offset  agreement 

D.  Lower  cost 

E.  Quicker  delivery 

F.  Setter  quality 

G.  Other  (specify! 


Country  of  Origin 


For  equipment 

Are  spare  parts/maintenance 
available  only  from  a 
foreign  source? 


Reason  why 
foreign 


I  A!.  !  V  :  NV  :•  :  I.  1  \  .  I  .  >M  I 


1.  t.M  t  h--  1  ■  s  I  *  ■  below,  link  f  i  .  ;  tuif  (the  Hit*.,  t  »  .  m  j  *  I  ii  i  v  i  •  )  f  it  i  ,  .  (tin  J  r.i :  l 

compet  1 1  i  ••  )  each  competitive  factor  as  it  dpi  lies  to  I  1 1  mi.  |  i-ij  optica 

material  in  the  United  States,  Canada,  Austria,  Belgium,  and  t.-te;  (specif/ 

Compet 1 1 1 vi  Factor  United  States  Canada  Aust  r i a  Belgium 


Price 

Quality 

Input  costs: 
i.  ir 
capi tal 

other  (specify) 
Delivery  (lead-time) 
Follow  u[  service 
Kesea:  ’  capability 
C-stone:  statisfaction 
Trade  i  riers 
Government  supports 


3.  What,  if  anything,  can  the  Government  uo  to  help  mitigate  the  competitive 
disadvantages  of  u.S.  firms  you  indicated  above? 


3 


What  cost  reduction  actions  have  you  taken  in  recent  years  to  increase  your 
international  competitiveness? 


1 . 


He.  :: „  you  vi  e«  tr.e 
operations  over  t  h  e 


competitive  prospects  for  your 
next  f  i  ve  yea  r  s  ? 


firm's  U . S . 


optical  materials 


T~ ep  should:  improve  greatly 

improve  somewhat 
stay  the  same 
decline  somewhat 
decline  greatly 


Piease  discuss  the  bas.s  for  your  answer. 


Prcf  itaci  iity :  Enter  tr.e  prof  it  at- ;  1  i  t  .  of  your  'J.S.  optical  material  operations  for 
the  years  ind:ca“ec. 

1 9fc 1  1962  198  3  1  984  198  5 


Net  Sales  (1) 

Cost  of  Goods  Sold  it. 

Cross  Profit  or  (Loss'  13' 
Net  Income  Before  Taxes  (4) 


II)  Including  ,  nter -  and  intracompany  transfers 

(2)  Includes  raw  materials,  direct  labor  and  other  factory  costs  such  as  depreciation 
and  inventory  carrying  costs 
i  3 i  Difference  Between  Net  Sales  and  Cost  of  Goods  Sold 

( 4 i  Gross  Profit  or  iLos«)  less  general,  selling  and  administrative  expenses, 
interest  expense^  and  othet  expenses,  plus  other  income 


|."C 


CERTIFICATION 


T..e  undersigned  certifies  that  the  information  herein  supplied  m  response  to  this 
quest  lonna  1  r  e  Is  corplete  and  correct.  Tt}<*  U.S.  Code,  Title  16  (Crimes  and  Criminal 
Pro.edure),  Section  1001,  makes  it  a  criminal  offense  to  willfully  make  a  false  statement 
or  representation  to  any  department  or  agency  of  the  United  States  as  to  any  matter  within 
its  Junsdict  ion. 


(Date) 


(Signature  of  Authorized  Official) 


(Area  Code  and  Telephone  Number)  (Type  or  Print  Name  and  Title  of  Authorized  Official) 


(Area  Code  and  Telephone  Number! 


(Type  or  Print  Name  and  Title  of  Person  to  Contact 
Regarding  this  Report) 


Comments:  Please  use  the  space  below  to  provide  any  additional  comments  or  information 

you  may  wish  regarding  your  operations,  or  other  related  issues  that  impact  your  firm. 


i 


APPENDIX  C 
'84  Proposed  FAR  Cla 


OHIUINAI  I'ROPOSI  D  8-1  Cl AUSf 


Insett  for  Part  8  of  the  DoD  f-AR  Supplement 

Part  8  -  Required  Sources  of  Supplies  and  Services 

Subpart  8.77  -  Precision  Optics  Items  used  for  direct  military 
application  including  military  binoculars 

8.7701  -  Def i n i t i ons . 

Precision  optics  items'  means  lenses  either  in  prototype  or 
production  quantities  that  must  meet  specified  tolerances  and 
dimensions  with  optical  wavefront  errors  across  most  of  the  useful 
field  of  view  which  do  not  exceed  one  micrometer  in  magnitude. 

Domestic  manufacture'1  means  precision  optics  items  manufactured 
in  the  United  States  and  Canada/ 

End-item"  means  a  final  combination  of  end  products,  component 
parts,  and/or  materials  which  is  ready  for  its  intended  use  per  JCS 
Publication  #1  (DoD  Dictionary  of  Military  and  Associated  Terms). 

8.7702  -  Pol  icy 

It  has  been  determined  that  defense  requirements  for  Precision 
Optics  I  terns  must  be  acquired  from  domestic  sources  (U.S.  and 
Canada)  to  the  maximum  extent  practical.  Accordingly,  a  I  I 
acqu i s i t j ons  of  precision  optics  i * ems  including  pref orms/b I anks . 
and  componervts  (smaller  than  12  inches  in  diameter)  and  all 
acqu i s i t i ons  of  it ems  conta i n i nq  precision  optics  items  shall 
i nc I ude ,  ex cept  as  provided  in  8.7702  below,  a  requirement  that  such 
items  and  precision  optics  items  incorporated  in  end  items  delivered 
unde r  t h e_ contract  be  of  domestic  manufacture  only.  This 
restriction  does  not  include  medical  or  personal  optics  items  such 
as  microscopes  reading  glasses,  and  commercial  binoculars. 

8.7703  -  Procedures 

(a)  The  clause  set  forth  at  52.208-7004.  Required  Sources  of 
Precision  Optics  Items,  shall  be  inserted  in  all  contracts 
except  : 

(1)  when  the  contracting  officer  knows  that  the  item  being 
acquired  does  not  contain  precision  optics  items; 

(2)  when  purchases  are  made  overseas  for  overseas  use; 

(b)  Subsequent  to  the  award  of  a  contract,  the  contracting  officer 
may  waive  the  requirements  set  forth  at  52.208-7004,  Required 
Sources  for  Precision  Optics  Items.  Such  waiver  may  be  granted 
on  a  case-by-case  basis  when  adequate  domestic  supplies  of 
precision  optics  items  are  not  available  to  meet  DoD  needs  on  a 
timely  basis.  Also,  these  waivers  will  only  be  granted  to  the 
extent  and  for  the  period  of  time  necessary  to  permit  the 
contractor  to  acquire  and  use  precision  optics  items  of 
domestic  manufacture. 


/  ■ 


ORIGINAL  PROPOSED  84  CLAUSE 


Insert  for  Part  52  of  DoD  FAR  Supplement 

Subpart  52.208-7004.  Required  Sources  for  Precision  Optics  Items 
used  for  direct  military  application  including  military  binoculars, 
as  prescribed  at  8.7703,  insert  the  following  clause: 

Required  Sources  for  Precision  Optics  Items  (May  1984) 

(a)  For  the  purpose  of  this  clause: 

"Precision  optics  items"  means  lenses  either  in  prototype  or 
production  quantities  that  must  meet  specified  tolerances  and 
dimensions  with  optical  wavefront  errors  across  most  of  the  useful 
field  of  view  which  do  not  exceed  one  micrometer  in  magnitude. 

"Domestic  manufacture"  means  precision  optics  Items 
manufactured  in  the  United  States  or  Canada. 

"End-item"  means  a  final  combination  of  end  products,  component 
parts,  and/or  materials  which  is  ready  for  its  intended  use.  per  JCS 
Publication  #1  (DoD  Dictionary  of  Military  and  Associated  Terms). 

(b)  The  contractor  agrees  that  end  items,  components,  and  processed 
materials  thereof  delivered  under  this  contract  shall  contain 
domestic  precision  optic  items  including  pr ef orms/b I anks .  and 
components  (smaller  than  12  inches  in  diameter)  of  U.S.  or 
Canadian  manufacture  only.  This  restriction  does  not  include 
medical  or  personal  optics  items  such  as  microscopes,  reading 
glasses,  and  commercial  binoculars. 

(c)  The  contractor  agrees  to  insert  this  clause,  including  this 
paragraph  (c),  in  every  subcontract  and  purchase  order  issued 
in  performance  of  this  contract,  unless  he  knows  that  the  item 
being  purchased  contains  no  precision  optics  items. 

(d)  The  contractor  agrees  to  retain  until  the  expiration  of  three 
years  from  the  date  of  final  payment  under  this  contract  and  to 
make  available  during  such  period,  upon  request  of  the 
contracting  officer,  records  showing  compliance  with  this 
clause. 

(e)  The  requirement  for  delivery  in  (b)  above  may  be  waived  in 
whole  or  in  part  on  a  case-by-case  basis  by  the  contracting 
officer  when  such  a  waiver  is  determined  to  be  in  the 
government's  interest  and  it  meets  the  provisions  of  subpart 
8.77  . 


APPENDIX  D 

JPOTG  Proposed  FAR  Clause 


/iT-a- 


RECOMMENDED  REVISED  FAR  CLAUSE 
(with  At  tachment  A-TT^ 


Insert  for  Part  8  of  the  POD  FAR  S upp I ement 

Part  8  -  Required  Sources  of  Supplies  and  Ser  v ices . 

Subpart  8.77  -  Precision  Optical  Elements  used  for  direct  military 
applications  including  military  binoculars. 

8.7701  -  Def i n i t i ons  : 

"Precision  Optics"  means  elements  made  by  grinding,  polishing, 
turning,  or  molding  material  to  be  used  to  transmit,  refract,  or 
reflect  light  in  the  visual  (.4  to  .7  micrometers),  near  infrared 
(.7  to  3.0  micrometers),  and/or  infrared  (3.0  to  16.0  micrometers) 
spectra.  This  includes  elements  in  systems  which  are 
type-classified  or  purchased  as  Non-De ve I opmen t a  I  I  terns  (NDI). 

"Precision  Optical  Elements"'  includes,  but  is  not  limited  to  lenses, 
prisms,  mirrors,  reticles,  beamsplitters,  windows,  filters,  laser 
rods,  and  pr es s i ngs /pr ef or ms /b I ank s /op t i ca I  glass  for  the  foregoing. 

"Optical  Glass’"  is  material  which  meets  specification  MIL-G-174  and 
is  used  for  visual  and/or  infrared  precision  optical  elements. 

"Domestic  manufacture"  means  Precision  Optical  Elements  manufactured 
in  the  United  States  and  Canada. 

"End-item"  means  a  final  combination  of  end  products,  component 
parts,  and/or  materials  which  is  ready  for  its  intended  use. 

"Components"  mean  those  articles,  materials,  elements,  and  supplies 
directly  incorporated  into  end  products. 

Excluded  are:  infrared  b  I  anks/pr ess i ngs /pr ef orms  (such  as 
germanium,  zinc  sulfide,  zinc  selenide).  filter  glass 
blanks/pressings/preforms,  prescription  eyeglasses,  molded  plastics, 
fiber  optics,  windshields  and  canopies,  medical  instruments, 
microscope  components,  faceplates  for  tubes,  gratings,  coverplates 
for  indicators,  vehicle  head-lamps,  and  traffic  reflectors. 

8.7702  -  Policy 

DOD  has  determined  that  defense  requirements  for  Precision  Optics 
Elements  must  be  acquired  from  domestic  sources  (United  States  and 
Canada)  to  the  maximum  extent  practical.  Defense  requirements  must 
be  acquired  in  such  a  way  as  to  assure  domestic  production 
capability.  To  ensure  a  domestic  production  capability  for 
precision  optical  elements  is  available.  DOD  has  determined  that  a 
seven  (7)  year  FAR  restriction  be  implemented.  For  procurements 
signed  before  October  1.  1989.  a  minimum  of  S0%  of  the  quantity  of 
each  optical  element  must  be  of  domestic  manufacture.  Between 
October  1.  1989  and  September  30.  1994.  100%  of  the  quantity  of 


each  optical  element  must  be  of  domestic  manufacture. 

Based  upon  the  production  surge  and  mobilization  objectives 
established  by  the  cognizant  DOO  component,  the  provisions  of  FAR 
6.202  and  6.302-3  will  be  used  to  ensure  that  domestic  capability 
exists  to  produce  all  parts  of  a  weapon  system  and  that  the 
production  process  for  all  parts  and  final  weapon  system 
production/assembly  can  be  accomplished  by  domestic  producers. 

Accordingly,  all  acquisition  of  precision  optical  elements  including 
press i ngs/pref orms/b I anks  of  optical  glass  and  all  acquisitions  of 
end  items  containing  precision  optical  elements  shall  include, 
except  as  provided  in  8.7703  below,  a  requirement  that  such 
precision  optical  elements  in  end  items  delivered  under  the  contract 
be  of  domestic  manufacture  only. 

8.7703  -  Procedures: 

The  clause  set  forth  at  52.208-7004.  Required  Sources  of  Precision 
Optics  Elements,  shall  be  inserted  in  ail  contracts  except: 

a.  when  the  contracting  officer  knows  that  the  item  being 
acquired  does  not  contain  precision  optics  items; 

b.  when  purchases  are  made  overseas  for  overseas  use; 

c.  when  the  contracting  officer  determines  that  domestic 
sources  are  incapable  of  or  unavailable  to  provide  such  elements. 

The  contracting  officer  shall  request  from  the  Command  level  a 
waiver  of  the  provisions  of  part  52.208-7004  and  shall  provide  in 
writing  justification  for  each  action.  The  waiver  granted  by  the 
proper  level  of  authority  shall  only  be  for  the  period  of  time 
necessary  to  permit  the  contractor  to  acquire  and  use  domestic 
production  sources;  that  procurements  made  under  this  Determination 
are  subject  to  periodic  audit  by  the  Defense  Contract  Audit  Agency 
to  avoid  possible  excessive  cost  to  DOD; 

Implementation  of  this  restrictive  clause  shall  be  determined  on  a 
contract  by  contract  basis  at  the  Procuring  Contracting  Office  (PCO) 
level.  Prior  to  award  of  a  contract  for  items  containing  optical 
elements  as  defined  in  8.7701  above,  the  PCO  shall  ensure  that  50% 
of  each  optical  element  be  purchased  from  domestic  sources  for  the 
first  two  years  of  implementation  of  this  restriction.  For  the  five 
following  years,  the  PCO  shall  make  sure  that  100%  of  optical 
elements  are  purchased  from  domestic  sources. 


/< 


ATTACHMENT  A-1 


Insert  for  Part  52  of  POO  FAR  Supplement 

Subpart  52.208-7004,  Required  Sources  for  Precision  Optics 
I  terns  used  for  direct  military  application  including  binoculars,  as 
prescribed  at  8.7702.  insert  the  following  clause: 

Required  Sources  for  Precision  Optics  Elements 

a.  For  the  purpose  of  this  clause: 

"Precision  Optics"  means  elements  made  by  grinding,  polishing, 
turning,  or  molding  material  to  be  used  to  transmit,  refract,  or 
reflect  light  in  the  visual  (.4  tu  .7  micrometers),  near  infrared 
(.7  to  3.0  micrometers),  and/or  infrared  (3.0  to  16.0  micrometers) 
spectra.  This  includes  elements  in  systems  which  are 
type-classified  or  purchased  as  Non-Deve I opmenta I  I  terns  (NDI). 

"Precision  Optical  Elements"  includes,  but  is  not  limited  to  lenses, 
prisms,  mirrors,  reticles,  beamsplitters,  windows,  filters,  laser 
rods,  and  pr ess i ngs /pr ef orms/b I anks /op t i ca I  glass  for  the  foregoing. 

"Optical  Glass"  is  material  which  meets  specification  MIL-G-174  and 
is  used  for  visual  and/or  infrared  precision  optical  elements. 

"Domestic  manufacture"  means  Precision  Optical  Elements  manufactured 
in  the  United  States  and  Canada. 

"End-item"  means  a  final  combination  of  end  products,  component 
parts,  and/or  materials  which  is  ready  for  its  intended  use. 

"Components"  mean  those  articles,  materials,  elements,  and  supplies 
directly  incorporated  into  end  products. 

Excluded  are:  infrared  b I anks/press i nas/preforms  (such  as 
germanium,  zinc  sulfide,  zinc  selenide),  filter  glass 
blanks/pressings/preforms,  prescription  eyeglasses,  molded  plastics, 
fiber  optics,  windshields  and  canopies,  medical  instruments, 
microscope  components,  faceplates  for  tubes,  gratings,  coverplates 
for  indicators,  vehicle  head-lamps,  and  traffic  reflectors. 

b.  The  contractor  agrees  that  end  items,  components,  and  processed 
materials  thereof  delivered  under  this  contract  shall  contain 
domestic  precision  optics  items  including  preforms/blanks/pressings/ 
optical  glass,  and  components  of  U.S.  or  Canadian  manufacture  only. 
This  restriction  does  not  include  those  items  excluded  in  a.  above. 

c.  The  contractor  agrees  to  insert  this  clause,  including  this 
paragraph  (c).  in  every  subcontract  and  purchase  order  issued  in 
performance  of  this  contract,  unless  he  knows  that  the  item  being 
purchased  contains  no  precision  optics  items. 


d.  The  contractor  agrees  to  retain  all  receipts  until  the 
expiration  of  three  years  from  the  date  of  final  payment  under  this 
contract  and  to  make  available  during  such  period,  upon  request  of 
the  contracting  officer,  records  showing  compliance  with  this  clause. 

e.  The  requirement  for  delivery  in  (b)  above  may  be  waived  in  whale 
or  In  part  on  a  case-by-case  basis  by  the  contracting  officer  when 
such  a  waiver  Is  determined  to  be  In  the  Government's  Interest  and 

It  meets  the  provision  of  subpart  8.7703.  The  contracting  officer 
must  first  receive  major  contnand  level  approval. 


T 
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APPENDIX  E 


OPTICAL  ELEMENTS:  U.S.  TRADE  STATISTICS,  1978-1986 


TABLES 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 


Total  U.S. 
Total  U.S. 
Total  U.S. 
Total  U.S. 
U.S.  Trade 
U.S.  Trade 
U.S.  Trade 
U.S.  Trade 
U.S.  Trade 
U.S.  Trade 
U.S.  Trade 
U.S.  Trade 
U.S.  Trade 
U.S.  Trade 
U.S.  Trade 


Inports  and  EPqparts:  By  Quantity 
Inparts  and  Exports:  By  Value 
Inports:  Percentage  Mburket  Shares  by  Country 
Inports  of  Optical  Elements:  By  End  Products 


in  Contained  Elements 
in  Contained  Elements 
in  Contained  Elements 
in  Contained  Elements 
in  contained  Elements 
in  Contained  Elements 
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VALUE  IN  $  10  MILLIONS  QUANTITY  IN  UNTO 


FIGURE  2 


OPTICAL  ELEMENTS  1978-19S6 

TOTAL  U.S.  IMPORTS:  UNIT  BASIS 
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